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ABSTRACT 
No previous study has separated the effects ofseveral types ofherbivorous mammals 
on mid-westem grassland communities at different stages of development, in spite of a 
substantialliterature indicating the potential ofmammals to impact the composition ofthese 
plant communities. Mice and voles consume large seeds, and rabbits disperse small seeds 
endozoochorously. Voles, rabbits, and deer prefer certain plant species, particularly 
leguminous forbs, over graminoids. Deer, rabbits, and voles ofien damage woody plants and 
seedlings. I therefore expected fewer small-seeded plants in areas without access by rodents 
and rabbits, greater abundances of palatable plants in areas without access to each herbivore, 
and more woody seedlings in areas without access to each herbivore. I expected effects of 
granivory and endozoochory to be stronger in early succession than in mid- or late succession 
because plant recruitment by seeds is more important in early succession. 
I used exc10sures that allowed access to different combinations of animals to assess 
the impact of rnice, voles, rabbits, and deer in old fields of 3 successional stages. In addition, 
I conducted feeding trials to determine palatabilities of plants and seeds to the most abundant 
small mammal species (Peromyscus leucopus, Microtus ochrogaster, M pennsylvanicus, and 
Sylvilagus floridanus) and related these data to those from the exc10sure experiments. To 
determine thekinds and numbers of plants commonly dispersed by rabbits, I also collected 
and gerrninated plants from rabbit fecal pellets. 
Neither rabbit endozoochory nor rodent granivory affected plant communities in any 
successional stage. Rodents did not prefer larger seeds. Herbivory by rabbits and rodents 
influenced the plant communities more than did consumption or dispersal of seeds. Both 
groups of animal s reduced abundance of palatable forbs and increased that of unpalatable 
forbs. Grasses palatable to voles increased in exclosures during mid-)md late succession. 
Rodent exclusion also significantly increased abundance ofthe legume Medicago sativa, 
which had highly palatable shoots and seeds. Cirsium arvense, a palatable forb, increased 
substantially with the removal of deer and the grass Festuca arundinacea declined. Woody 
seedlings rarely occurred in the grasslands and none of the mammals affected their 
abundance. 
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CHAPTERl 
INTRODUCTION 
Background.- Early successional change in vegetation afier release of old fields from 
agriculture is well known for the eastem half ofthe United States (Bazzaz 1996, pp. 38-43) 
and c1ear developmental pattems also occur in small marnmal cornmunities as old field 
succession progresses (F oster and Gaines 1991; Bowers 1993; Churchfield, et aL 1997). 
Annual grasses and short-lived herbs dominate during the first few years, but are quickly 
replaced by perennial herbs and rhizomatous graminoids. Woody shrubs and trees slowly 
invade and within two to three decades, a woodland has begun to develop. These changes in 
vegetation are usually thought to be caused by differences in dispersal, growth rates, and 
resource use among plant species (Connell and Slayter 1977; Tilman 1985). Frequently in 
the midwestem U.S.A., management practices (mowing or fire) prevent invasion by shrubs 
and trees, making it likely that old field grasslands will remain an important ecosystem 
across the Midwest. 
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In lllinois, over 99.9% ofthe original 8.5 million hectares oftallgrass prairie are gone 
(IDENR 1994), but grasslands still account for 19.2% of current land cover in lllinois (CTAP 
2001). The majority ofthese grasslands are dominated by non-native grasses and are in the 
form of old fields, pastures, buffer strips along agricultural fields, or maintained roadsides. 
Good management of grassland ecosystems requires a thorough understanding of the 
interactions between plants and animals. 
A variety of abiotic and biotic factors influence the development of grasslands. 
Climate, soil type, amount and frequency ofprecipitation, nutrient availability, and 
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disturbance dictate which plant species have the potential to live in an area (Howe 1995, 
Ritchie and Tilman 1995, Treiber 1999, Lane et al. 2000). Animal activities such as 
wallowing, burrowing, and waste deposition increase habitat heterogeneity, enabling a 
greater number of plant species to coexist within a field (HuntIy and Reichman 1994, Knapp 
et al. 1999). Herbivory by mammals can alter plant community composition depending on 
the intensity, duration, and selectivity of grazing. As a result, increased abundance of 
unpalatable species, increased primary production via overcompensatory growth by plants, or 
even increased abundance ofhighly palatable species can occur (McNaughton 1985, Swihart 
1991, Frank and McNaughton 1993, English and Bowers 1994, Ritchie and Tilman 1995, 
Augustine and McNaughton 1998, Olff and Ritchie 1998, Howe and Brown 1999). 
Knapp et al. (1999) reported that the dominant herbivores in tallgrass prairies (bison), 
through grazing and other activities, are keystone organisms in tallgrass prairies. Bison are 
no longer a free-ranging component of grassland communities in Illinois, but other native 
mammalian herbivores remain. White-tailed deer (Odocoileus virginianus) are the largest of 
remaining herbivores in Illinois grasslands (Hoffmeister 1989). Although no precise 
estimates of their abundance prior to European settlement exist, their populations had 
dec1ined by the early 1900s to the point that conservation became an issue (Russell et al. 
2001). Woody landscapes were fragmented into habitats more favored by deer and 
restrictions were placed on harvests by hunters (Russell et al. 2001). As a result of these 
measures and the extirpation ofmost oftheir natural predators (Diamond 1992), deer 
populations have reached record highs across most ofthe eastem half ofNorth America 
(Nixon et al. 2001). 
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The eastem cottontail rabbit (Sylvilagus floridanus) also cornmonIy occurs in Illinois 
grasslands (Mankin and Wamer 1999), although estimates of rabbit populations from hunter 
harvests have indicated declines over the past 40-50 years. That trend may reflect the loss of 
optimal habitat and changes in the landscape (Sole 1995, Roseberry 1998). While both the 
rabbit and deer use diverse, patchy landscapes that include agricultural fields and grasslands 
for foraging and wooded areas for shelter, the rabbit prefers to fmd shelter in brushier habitat 
such as fence rows or hedge rows. In addition, many smaller carnivores that cornmonIy prey 
on rabbits are increasing across the landscape (Goodrich and Buskirk 1995, Ray 2000). 
Populations of prairie and meadow voles (Microtus ochrogaster and M 
pennsylvanicus), the smallest marnmalian herbivores in midwestem grasslands, do not seem 
to have increased or decreased in abundance recent1y, other than the typical multi-annual 
fluctuations (Getz et al. 2001). Mice (Peromyscus spp., Reithrodontomys megalotis and 
Zapushudsonius), although generally not herbivorous, are major seed predators (Gossard 
1923, Quimby 1951, Whitaker and Murnford 1972; Mittelbach and Gross 1984) and, as 
cornmon inhabitants, they may also direct1y influence pIant cornmunities in oId fields. 
Peromyscus spp. are particularly cornmon in grassland areas near woodlands, while R. 
megalotis and Z hudsonius are les s abundant in Illinois grasslands and oCCur sporadically 
(Hoffmeister 1989, Falout and Nelson 1997). 
Studies on the influences of white-tailed deer in woodlands have found that browsing 
on tree seedlings and sapIings can alter the species composition within the plant cornmunity, 
leaving the less palatable species to dominate (Anderson and Katz 1993, Augustine and 
Jordan 1998, Gill and Beardal12001, Rooney and Waller 2003). Deer also forage 
preferentially on herbaceous understory vegetation in forests and can even eliminate 
preferred species (Waller and Alverson 1997, Russell et al. 2001, Rooney and Waller 2003). 
Although deer frequentIy forage in early successional areas, relatively few studies have 
investigated the role of deer in non-woodland habitats (Russell et al. 2001). Some studies in 
successional grasslands have shown negative effects of deer browsing on growth rates of 
woody seedlings and saplings, which can slow the rate of succession (Inouye et al. 1994, 
Knapp et al. 2002), but I found only 2 studies by Anderson et al. (2001,2005) that 
investigated the effects of deer on non-woody plants in grasslands. They found that deer 
exclosures in tallgrass prairie remnants in northem Illinois had decreased abundance of 
unpalatable forbs and grasses and increased diversity of forbs, standing biomass and 
reproductive capacities of preferred species. 
Rabbits can strongly influence vegetation through a variety of mechanisms. 
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Preferential folivory on certain plants, such as grasses, small annual p1ants, and 1egumes, 
may substantially reduce abundances of the preferred species, 1eaving the communities 
dominated by a few unpreferred species (Watt 1962, Sumption and Flowerdew 1985, 
Crawley 1990). Cullen et al. (1998) reported increased plant cover, richness, and diversity 
afier just one year of rabbit exclusions from reclaimed quarry 1ands, whi1e Edwards and 
Craw1ey (1999) found that excluding rabbits resu1ted in significant1y 10wer flower-head 
production in 7 of 9 common species. Rabbits frequent1y clip tree seedlings and ofien 
consume bark during winter months, which can 1ead to decreased abundance of woody p1ants 
(Dusi 1952, Sumption and Flowerdew 1985, Holl and Quiros 1999) and seed dispersal by 
rabbits in feces (endozoochory) can contribute substantially to both the numbers and species 
pool of seed banks (Malo and Suarez 1996). Most studies on rabbits' influence on p1ant 
communities have been conducted in European grass1ands, where rabbit densities seem 
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consistently higher (2 to >200Ihectare; Sumption and Flowerdew 1985, Pakeman et al. 1998) 
than in the midwestern U.S.A. «1 to 10lhectare; Mankin and Wamer 1999). Schupp et al. 
(1997) studied seed dispersal by hares and rabbits in the rangelands ofthe western U.S.A. 
and conc1uded that they do not effectively disperse seeds in that habitat. Zedler and Black 
(1992), however, reported that seed dispersal by rabbits could be crucial to colonization, re-
establishment, and gene flow among plants in a semi-arid vernal poollandscape in 
California. 
The feeding habits ofvoles (M ochrogaster and M pennsylvanicus)in mid-western 
U.S.A. are well known (Thompson 1965, Zimmerman 1965, Cole and Batzli 1979, Lindroth 
and Batzli 1984, Marquis and Batzli 1989, Haken and Batzli 1996). In central Illinois, both 
M ochrogaster and M pennsylvanicus seem to prefer certain dicot species, such as legurnes 
and dandelion, although their diets ofien consist of greater proportions of the more abundant 
monocots (Thompson 1965, Zimmerman 1965, Cole and Batzli 1979, Lindroth and Batzli 
1984, Haken and Batzli 1996). Microtus pennsylvanicus consumes a greater proportion of 
monocots thanM ochrogaster, which has a more varied diet (Zimmerman 1965, Haken and 
Batzli 1996). Poapratensis was cited as one ofthe most common food items ofboth species 
in multiple studies (Zimmerman 1965, Cole and Batzli 1979, Haken and Batzli 1996), 
although its nutritional content is not sufficient to maintain voles in the lab (Cole and Batzli 
1979). Seeds are an important part ofvoles' diet, especially in autumn and winter, and M 
ochrogaster seems to consume more seeds than M pennsylvanicus (Zimmerman 1965, Cole 
and Batzli 1979, Lindroth and Batzli 1984), but few studies have quantified palatability of 
seeds to voles. Several studies reported negative effects of voles on tree seedlings in 
grasslands, which may slow the process of succession (Ostfeld and Canham 1993, Ostfeld et 
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al.1997, Manson 2000), but onIy Howe and Brown (1999,2000) have reported on fue effects 
ofvoles on non-woody plants in midwestem grasslands. They foundthat highly selective 
consumption of seeds and seedlings by voles in the early stages oftallgrass prairie 
communities lowered forb biomass and community diversity. 
Preference by rodents for particular seeds has been reportedby many studies, with 
large seeds being preferred over small ones, which often leads to increased abundances of 
smaller-seeded plants (Mittelbach and Gross 1984, Brown and Heske 1990, Samson et al. 
1992, Heske et al. 1993, Kerley et al. 1997, Edwards and Crawley 1999; Howe and Brown 
2000). Batzli (1977) found that the majority ofthe Peromyscus leucopus diet in the forest 
was made up of seeds in spring and fall (59-72%) and, even in summer and winter, seeds 
represented a substantial portion oftheir diet (26-48%). Kantak (1983) reported that 
Peromyscus preferred seeds of weedy grasses (Setaria and Agropyron) to those of native 
grasses (Andropogon and Sorghastrum). Several studies have identified influences ofrodent 
granivory on plant communities in deserts (Brown and Heske 1990; Samson et al. 1992; 
Heske et al. 1993), and others have documented the presence of granivorous mice in 
midwestem grasslands (Whitaker and Mumford 1972; Finck et al. 1986; Foster and Gaines 
1991; Brillhart and Kaufman 1994), but few have investigated the effects of rodent granivory 
in midwestem grasslands. One study suggested that, since seed removal rates were higher in 
undisturbed areas than newly plowed fields, the effects of seed predation on a community 
may increase as plant succession proceeds (Mittelbach and Gross 1984). 
Objectives and design ofstudy.- To identify the mechanisms by which herbivorous and 
granivorous mammals influence non-native grasslands and improve our understanding of 
development and maintenance ofthese communities, 1 conducted exclosure experimentsand 
feeding tríaIs in 3 oId fields representing the deveIopment of grassIand dominated by non-
native species. To help identify changes in mechanisms as succession occurs, 1 selected 3 
old fields of different successionaI ages: the early successional grassIand was released from 
row crops in fa1l2001, the mid-successional was relea sed in 1998, and the late successionaI 
was released in 1989 (woody invasion had been prevented until2001 by regular mowing 
during the dormant season). 
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1 designed exclosure experiments to separate the effects of different size classes of 
mammaIs with a combination of6 treatment levels allowing access to: 1) all animals- deer, 
rabbits, voles, and mice (the fenced control); 2) all animals (unfenced control to examine 
effect offencing; 3) mi ce and deer only (no rabbitsor voles); 4) mice, voles, and deer (no 
rabbits); 5) deer only (no small mammals); 6) no deer (accessible to all small mammals). 1 
had three replicates of each treatment level in each of the three fields (Fig. 1.1) and collected 
data on occurrence and relative cover of plant species by visually examining three permanent 
O.5-m by 3-m plots inside each ofthe 54 treatment plots every spring (May), summer (July), 
and fall (September) from September 2001 through May 2005. 1 then compared vegetation 
for various combinations oftreatments to infer the separate effects of deer, rabbits, voles, and 
mlce. 
Feeding habits offocal species are relatively well known, but they differ with site and 
season. Therefore, 1 conducted feeding tríaIs with the most abundant small mammal species 
(Peromyscus leucopus, Microtus ochrogaster, M pennsylvanicus, and Sylvilagus floridanus) 
to determine which of the local plants and parts of plants are preferred by each. 1 established 
enclosures maintained in the field so that the animal s foraged in natural grassland, exposed to 
the natural day length and elements. 1 then related the data on food palatabilities to the data 
collected from the exclosure experiments, thereby combining direct knowledge of plant 
palatabilities with the pattems of vegetational change that occurred in the plant cornmunities 
over time. 
In addition, to determine the kinds and numbers of local plants cornmonly dispersed 
by rabbits, I collecteddeposits of fecal pellets from feeding trial enclosures (representing 
earlier meals), spread themon trays of soíl in the greenhouse, andidentified all plants that 
germinated. 
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Significance 01 study. - My dissertation research contributes to an overall synthesis of the role 
ofplant-animal interactions in determining the composition of ecological cornmunities by 
examining the ways in which several species of marnmals influence the development and 
maintenance of old-field grasslands. No previous study has separated the effects of several 
types of small marnmals on grassland cornmunities at different stages of development, nor 
has any study examined the assemblage of non-native grassland cornmunities in detail. 
Results from this research provide a major contribution toward understanding the 
mechanisms behind the assembly of plant cornmunities in non-native grasslands. 
Organization 01 dissertation.- The chapters ofthis dissertation follow joumal format so they 
may be published as separate papers. The first chapter discusses the effects ofherbivory and 
seed dispersal by rabbits in the three successional stages; the second chapter covers herbivory 
and granivory by mice and voles, their feeding habits and the changes in vegetation in the 
three grasslands associated with their activities; and the third chapter addresses the 
differences in vegetation between areas with and without access by deer. Finally, a 
concluding chapter surnmarizes my fmdings and compares my results to those that others 
have found using exclosure experiments in other grasslands. 
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Figure 1.1. Diagram of trapping grid and location of exc10sures in an old field site. Traps 
are on a 5 m grid. Letters inside exclosures represent different treatments. Treatments were 
assigned at random except for F (deer exclosures), which was erected ayear later than the 
others. 
Om 5 10 15 20 25 30 
O. • • • • • 
5 • • • • • • • 
10· • • • 
15· • • • • 
20. • • • • 
25- • • • • Trapping station 
30. • • • • • • 
3 • • • 4mby4m Exc10sure 
40· • • • • • •• 
45. • • • 
50B • • • 
55. • • • • • • 
60· • • • 
65· 11 • 11 • • • 
70. • • • • • 
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CHAPTER2 
THE INFLUENCE OF RABBITS (Sylvilagusfloridanus) ON THE 
COMPOSITION OF SUCCESIONAL GRASSLANDS 
Introduction 
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Marnmalian herbivores can influence plant cornmunities through a variety of direct 
and indirect pathways (Batzli 1994). The effects ofEuropean rabbits (Oryctolagus 
cuniculus), which eat a wide variety ofherbaceous and woody plants (direct effects) and also 
do considerable burrowing (indirect effects via soil disturbance), have long been 
investigated. Exclosure experiments indicate a delay of the invasion of grasslands by woody 
plants (Tansley and Anderson 1925) and substantial effects of rabbits on the composition of 
herbaceous plant cornmunities (Watt 1962, Sumption and Flowerdew 1985, Crawley 1990). 
More recent studies found that rabbits can, on one hand, enhance establishment of sorne plant 
species by dispersal of seeds in fecal deposits or endozoochory (Zedler and Black 1992, 
Malo and Suarez 1995, 1996, Pakeman et al. 1998a, 1998b), or, on the other hand, inhibit 
establishment of plants because of damage that reduces seed production (Edwards and 
Crawley 1999). Other than Zedler and Black (1992),1 found only one study on the effects of 
seed dispersal by lagomorphs in the United States, and it reported little influence of 4 species 
of lagomorphs on plant recruitment in the Great Basin (Schupp et al. 1997). 
European rabbits are very cornmon, although patchily distributed, with densities 
ranging from 1 !ha to 55!ha (Palomares et al. 2001). Although Eastem cottontail rabbits 
(Sylvilagusfloridanus) in the U.S.A. also eat a wide variety ofherbaceous and woody plants, 
they neither burrow nor reach such high densities (maximum densities of lO!ha; Chapman et 
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al. 1980, Barbour and Livaitis 1993, Mankin and Warner 1999). Furthermore, changes in 
hunting success for S. floridanus indicate that Mid-westem populations have declined over 
the past 40-50 years, which may reflect changes in the landscape and loss of optimal habitat 
(Preno and Labisky 1971; Sole 1995; Roseberry 1998). Thus, the influence oflagomorphs in 
North American grassland may be less than in Europe, and I conducted experiments to 
examine their effects on grasslands in the mid-westem USA. 
In Illinois 17.5% ofland cover is classified as rural grassIands (CTAP 2001), but Iess 
than 0.1 % ofnative prairie remains (Samson and Knopf 1994). The great majority oftoday's 
grassIands are patches of old fields, oId pastures, buffer strip s along agricultural fieIds, or 
maintained roadsides. EarIy successional change in vegetation after release of old fields 
from agriculture is well known for the eastem half of the United States (Bazzaz 1996, pp. 38-
43). Annual and biennial herbs dominate during the first two years but are quickIy replaced 
by perennials herbs. Rhizomatous graminoids (grasses and sedges) and forbs replace shorter-
lived perennial forbs within a few years, and woody shrubs and trees slowly invade unless 
regular mowing (once ayear during the dormant season is usualIy sufficient) or fire occurs. 
Although introduced plant species ofien dominate the successional sequence, these oId-field 
grasslands do provide habitat for many native plants and marnmals as weIl (Lin and Batzli 
1995,2001). Because ofregular disturbance (mowing or frre), such grasslands willlikely 
remain an important part ofthe Mid-westem Iandscape. 
I developed five a priori hypotheses conceming the role of rabbits in successional 
grassIands. First, endozoochory by rabbits strongly affects short-lived plants (annuals and 
biennials) because density of these pIants depends heavily on annual recruitment and 
dispersal by rabbits wiIl take seeds to new Iocations. Second, because short-lived plants are 
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more common .inearly succession, the impact of rabbits is greaterearly rather than late in the 
successional sequence. Third,endozoochory by rabbits leads to greater abundance of small-
seeded plants in areas with access by rabbits because small seeds are less likely to be 
damaged during ingestion than are large seeds. Fourth, rabbit herbivory favors unpalatable 
forbs over palatable forbs because of the damage suffered by palatable plants. 1 did not 
expect a strong response in graminoids because of their protected meristems. Fifth, invasion 
of woody plants is slowed in areas with rabbits because of winter browsing. 1 also examined 
the effects of grazing on native and introduced plant species, but had no a priori hypothesis 
about the outcome because all species evolved with grazing by rabbits, whether in North 
America or in Eurasia. Although my hypotheses predict that the vegetation in areas with 
rabbits should contain more annual and small-seeded plants (particularly early in succession), 
fewer palatable forbs, and fewer woody plants, the combined effects of dispersal (positive) 
and damage (negative) could result in greater, lower, or unchanged species diversity 
depending on tolerance to damage and competitive ability of palatable species. 
Methods 
Study sites. - Because 1 wanted to examine the effects of rabbits over the course of succession 
from agricultural fields to grasslands, 1 conducted my experiments in 3 old fields in different 
stages of succession. Although 1 chose the fields to represent different stages of succession, 1 
recognize that sorne differences might reflect local conditions rather than successional stage. 
To minimize site differences, 1 chose old fields that occurred within 1 km of one another at 
the Ecological Research Area ofthe University ofIllinois located 5 km northeast ofUrbana, 
Illinois. AH fields had similar soils (silt loam or silty clay loam) and drainage (flat 
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topography), and each wasplanted to alfalfa in spring afterdisking the.remnants ofthe 
proceeding fall's crop. Theearly successional field was released from agriculture in .the fall 
of2001, the mid-successional field in fall of 1998, and the late successional field in fall of 
1989. Natural colonization ofthefields followed without further disturbance, except for 
dormant mowing ofthe late successional field for several years before the start of this 
experiment. 
Exc/osure experiments. - In each successional field, 1 constructed 4-m by 4-m exclosures that 
allowed access of various combinations of mammalian herbivores to the vegetation 
depending upon the size of mammal. The only treatment combinations relevant for this 
paper are those that allowed either access to all herbivores (control s with no fence or a false 
exclosure) or access to all herbivores but rabbits (no rabbits). During August to October 
2001 in the mid- and late successional fields and May 2002 in the early successional field, 1 
established 3 replicates of each treatment at randomIy located plots within a 50 X 100 m grid 
that had 4 m between plots in each row and 8 m between plots in each column (see appendix 
for details). 
Exclosures consisted of corrugated, galvanized steel panels driven 10 cm into the 
ground and extending 45 cm aboye the ground. 1 also added a strip of aluminum flashing 
that extended 20 cm aboye the top of the steel panels. The no-rabbit exclosures had solid 
sides except for S-cm diameter holes drilled through the panels at 1-m intervals at ground 
level to allow entry by voles and mice. To test for effects ofrabbits, 1 compared changes in 
vegetation within these exclosures to changes within similar false exclosures that had 230-
cm wide gates in each si de to allow access by rabbits. Although the no-rabbit exclosures 
would also prevent access to other sympatric small mammals, ground squirrels 
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(Spermophilus tridecemlineatus) and solitary marmots (Marmota monax), Lnever trapped or 
observed these species or their sign in the immediate vicinity of our experimental fie1ds; 1 
compared changes in vegetation within false exc10sures to those on unfenced control plots to 
test for effects of fencing. Live trapping indicated that voles and mice occurred on all the 
treatment plots. Deer could access the vegetation by reaching over the sides of the 
exclosures or by jumping inside, which they did as evidenced by damage to plants and by 
fecal deposits. 
Because of the need for repeated sampling of vegetation, 1 used a non-destructive 
method to compare the differences in vegetation among treatments. Vegetation grew too 
high for convenient point sampling, so 1 estimated the contribution to cover of all species of 
vascular plants found in 6 permanent 0.5 X 1.5-m quadrats (4.5 m total area) located within 
each treatment ploL 1 placed a 0.5 X l.5-m light plastic frame, divided into 12 equal sections 
with taut string, over each quadrat to organize our observations. To obtain accurate 
estimates ofpercent cover, 1 recorded the number ofsmall sections (12.5 X 12.5-cm) covered 
by each plant species within each quadrat (48 sections per quadrat for a total of 288 per 
sample) during each sampling periodo To encompass changes in vegetation throughout the 
growing season, 1 sampled each spring (May), summer (July), and autumn (September) from 
September 2001 to September 2004 for the mid- and late successional fields and from July 
2002 (two months after the first plants emerged) to May 2005 for the early successional field. 
1 transformed the values for each species into re1ative cover (% of total within each sample) 
to analyze composition ofthe vegetation. Species identification and nomenclature followed 
Moh1enbrock (2002). 
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Rabbit populations.- To monitor activity by rabbits, 1 set 18.wooden live traps (18.X22 X76 
cm) in and around'each'study site for 21 days during spring, surnmer;andfall'from fal12002 
through fa1l2004 (7 trap sessions). Occasionally traps malfunctioned, and, ifnecessary, 1 
extended the number oftrapping days to maintain a constant number oftrap nights (~375) 
during a trap session. 1 discontinued baiting with apples and carrots early in the study 
because it on1y seemed to increase the frequency of opossums (Didelphis virginiana) in the 
traps. 1 checked traps each day and marked each captured rabbit with numbered ear tags. All 
animals were released at their point of capture, although sorne were first used in feeding trials 
as described below. 
Feeding trials. - To determine the palatability of a variety of cornmon and uncornmon 
grassland plants to rabbits, 1 conducted feeding trials in l.5-m X 1.5-m enclosures 
constructed in the same style as the rabbit exclosures, except that a screen was attached 
across the top ofthe flashing to prevent access by predators and escape ofrabbits. 
Conducting the trials in the field allowed animals to forage under relatively natural 
conditions, ie. exposed to natural vegetation, day length, and weather. 1 did not conduct 
feeding trials during rainy or hot (> 30 OC) weather. To prevent foraging on preferred plants 
not included in a trial, 1 removed all dicots from the enclosure, leaving a stand of dominant 
grasses (main1y tall fescue, Festuca arundinacea). A wooden box open at one end provided 
shelter and a shallow dish provided ad lib water for the rabbits. The methods used in this 
study followed the guidelines of the American Society of Marnmalogists and were approved 
by the University of Illinois Animal Care Advisory Cornmittee. 
To maintain their natural characteristics, 1 carefully dug live plants from the 
experimental fields, placed them into plastic pots, irnmediately transported them to the 
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enclosures, buried the pots withthe upper rim at ground leve1,and watered them. In each 
trial, 1 presented a minimumof eight plant species, a mixture of common anduncommon 
species, and adjusted the number and size of plants so that availability of biomass was 
similar. At the start of the experiment, 1 noted the numbers of leaves, flowers, and fruits, and 
the condition of each plant. A single rabbit was then placed in the enclosure and allowed to 
forage for 24 hrs. 1 used a total of21 different rabbits for 7 feeding trials during spring, 
2003-2005 and 14 trials during fall, 2002-2004. My goal was to use 5 different rabbits to test 
each plant species for each season, but some species only occurred during one year of the 
study, some were very rare in spring or fall, and some were consistently rare, so not all 
species appeared in the same number of trials. As a result, only 44 of 63 species found in the 
sampling plots were tested on 2: 2 rabbits. 
Afier each feeding trial, the damage to each plant species was scored on a scale from 
O to 4. Zero indicated that the plant appeared untouched by the animal, 1 indicated only a 
little consumption «25%), 2 indicated substantial use (25-49 %), 3 indicated severe damage 
(50-74%), and 4 indicated nearly complete destruction (>75%). 1 included all damage even if 
uneaten material remamed on the ground. To estimate the overall palatability of a plant, 1 
used overall mean values weighted by the number of rabbits used to test each species during 
a season. 
Endozoochory.- To identify the kinds and numbers ofplants commonly dispersed by rabbits 
at our field sites, 1 collected 11 deposits of fecal pellets from feeding triaIs, which included 
remains from earlier meals, and found 2 deposits of pellets in the field. 1 stored all pellets in 
a refrigerator (5 OC) for at least one month to provide cold stratification before germination. 1 
then gently crushed each set ofpellets, mixed them with water, and poured the slurry evenly 
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across a tray of potting soil, which 1 placed in a greenhouse and kept moist. As seeds 
germinated, 1 transplanted each seedling into a separate plastic pot and allowed it to grow 
until it became identifiable. 
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Statistical methods.-To establish similarity oftreatment plotsat the beginning ofthe 
experiment, 1 first summarized vegetational data for each treatment plot before exclosures 
were established in 2001 (mid- and late successional fields only because the early field was 
not established until spring of 2002). 1 then compared the community composition in each 
field based upon the relative abundance of all species in unfenced control plots, false 
exclosures, and rabbit exclosures during fall of 200 1. Because 1 could not transform relative 
cover to reflect a normal distribution, as indicated by nonlinear normal probability plots, 1 
used a non-parametric equivalent of ANOV A, the Kruskal-Wallis test, for these analyses 
(Zar 1996, p. 198). 
To test for the effects of endozoochory on plant succession, 1 categorized plant 
species as rabbit-dispersed plants if more than one viable seed occurred in the collections of 
fecal pellets. 1 then compared the relative abundances ofthese rabbit-dispersed pIant species 
in the treatment plots for each sampIing period (spring, summer, and falI of2002-2004) and 
conducted repeated-measures ANOVA with the rabbit access as a between-plots factor and 
year and season as within-plots factors. Because 1 was interested in factor interactions, 1 
used a balanced design (n = 3 for with- and without-rabbit treatments), which meant that 1 
used only the fenced control pIots (false exclosures) for hypothesis testing. To test whether 
other categories of plants considered in my hypotheses responded differently to rabbit access, 
1 sorted plants as annualslbiennials or perennials; small «1 mg) or large seeded (> 1 mg) 
plants; forbs, graminoids, or woody plants; highly palatable (mean palatability >2) or 
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unpalatable (mean palatability:Sl); and native or introduced species. 1 then tested the 
significance ofeffect of rabbits on the relative abundance of each category usingrepeated-
measures ANOV A as aboye. Because 1 wanted to control for repeated measures but could 
noLestablish normal distributions for our response variables, 1 analyzed rank-transformed 
data (Conover 1980) .. 
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To help interpret pattems found when hypothesis testing, 1 examined effects of 
rabbits on individual species by comparing the abundance of all plant species that regularly 
occurred in the treatment plots (half or more of samples during a particular season) during 
the season in which they were most abundant. Again, 1 could seldom transform the values to 
reflect a normal distribution, so 1 compared treatments with and without rabbits using the 
non-parametric Mann-Whitney U-test for each year (Zar 1996, p.147). To increase the 
power ofthese tests, 1 lumped fenced and unfenced control plots for the with-rabbits 
treatment, thereby increasing sample size to 6, which assumed no effect offencing. To test 
for fence effects, 1 compared the abundanee of individual plant speeies in feneed eontrols 
(false exclosures) to that in non-fenced controls using Mann-Whitney tests for all seasons 
and years. The only differences that 1 found between fenced and unfenced control s were for 
2 patchily distributed plant speeies. Tall feseue (Festuca arundinacea) consistently had 
greater abundance in the feneed eontrols in the mid-successional field (P = 0.050 for all years 
and seasons) and wild parsnip (Pastinaca sativa) consistently had greater abundance in the 
fenced control s in late successional fi.eld (P = 0.050 for all years and seasons). Because the 
trends in wild parsnip and fescue oceurred at the beginning and remained throughout the 
experiment, 1 concluded that these differences existed a priori and did not represent fence 
effeets. 
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.I could not use multivariate analyses of community structure nor repeated measures 
.MANOVA because 1 hadrelatively few samples for eachtreatment and each season ineach 
field (n = 3). Given this small sample size, to reduce type II error we set the significance 
levelfor all analyses at P =0.1. Although multiple comparisons oftreatments on different 
plant species may underestimate type 1 error, these tests were onIy done to help interpret 
results found by hypothesis testing and not simply for post-hoc analyses, so 1 did not adjust 
significance levels using Bonferroni corrections. 
Finally, 1 considered plant community structure by analyzing species richness, 
evenness, and diversity in aH sampling plots. 1 used Simpson's index of evenness (Krebs 
1999, p. 449): E = (1!¿p?)/S where Pi is the proportion of cover for the ith species and S is 
the number of species in the sample. 1 calculated Gini's coefficient of diversity because of 
lowvalues for evenness and smaH sample sizes (Lande 1996): G = 1-Ip? 1 omitted the 
correction factor for number ofindividuals in the sample (NIN-l) because rny samples were 
always based upon cover estimated using 288 small quadrats. Linear probability plots 
indicated that these measures were normally distributed, so 1 conducted repeated-measures 
ANOV A as aboye to identify significant effects of access by rabbits. 
Results 
Rabbits and endozoochory. - 1 could not estimate the absolute abundance of rabbits because 1 
onIy recaptured 1 rabbit. Rather, 1 present the numbers caught with the same trapping effort 
as an index of abundance in different fields and seasons. 1 caught a total of 40 different 
rabbits (15 in the early successional field, 20 in the mid-successional field, and 5 in the late 
successional field). Numbers captured during a given trapping session varied from 0-8 in the 
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early successional.field;:l-6.inthe mid-successional field, and 0-2 in the late successional 
field. Most were captured in the faH near the end ofthe breeding season and after harvest·of 
crops in nearby fields. Eliminating the 6 rabbits caught in the fall of 2002 to inc1ude only 
twotrap sessions (2003 and 2004) for each season, we caught20.6%{7) in spring, 14.7% (5) 
in summer, and 64.7% (22) in fallo 
The 13 collections offecal pellets contained from 6 to 578 pellets (a total of 1962 
pellets). Twenty-two species ofplants (261 individual s) germinated (Table 2-1). Ofthe 16 
species with more than one germinating seed, 13 occurred in our sampling plots (see 
appendix for a complete list of germinated species). Two species of Amaranthus that 
occurred in our fields, A. retroflexus andA. hybridus, may hybridize and could not be 
reliably identified to species. In addition, 53 seedlings in the family Solanaceae died before 
positive identification to species was possible (either the smooth ground cherry Solanum 
ptychantum or the black nightshade Physalis subglabrata). 
Feeding tria/s. - 1 only report results from feeding trials for the 44 plant species tested with ~ 
2 different rabbits (see appendix for a complete list ofplants tested). Ofthe 33 species tested 
in both spring and fall, 21 were more palatable in the spring than in the fall, 2 were the same 
in both seasons, and 10 were more palatable in the fall (Table 2-2). Sorne species that 
received higher palatability scores in the fall were cut and left une aten (the horseweed 
Conyza canadensis, the common milkweed Asclepias syriaca, and the honey locust G/editsia 
triacanthos). Two others were common in fall but rarely encountered in spring, and, 
therefore, not adequately tested for spring-fall comparisons (smooth ground cherry and black 
nightshade ). 
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Among graminoids, only the introduced annual grass Setaria viridis and the sedge 
Carex cephalophora were highly palatable (palatability score > 2). Introduced perennial 
grasses and native grasses did not score high in the palatability trials, although they were not 
unpalatable to rabbits (average scores::; 2 and> 1, Table 2-2). Recall that Festuca grew in 
the enclosures used for the feeding trials, which may have lowered its palatability score. Of 
the 16 plant species with high palatability ratings, 13 were forbs, and all of the unpalatable 
plant species (average scores:S 1.0) were forbs. 
Original vegetation.- Throughout the study, composition ofthe vegetation in al13 
successional fields differed greatly from each other (Fig. 2.1). At the time 1 established 
exclosures, the mid- and late-successional fields (falI2001) differed little among treatment 
plots (unfenced controls, fenced controls, no rabbits), and the early successional field (spring 
2002) had no emergent plants. Only 1 of22 species tested by Kruskal-Wallis showed even 
marginally significant differences among treatments in the mid-successional field 
(H3,3=4.500, P=0.105 for timothy, Phleum pratense); a small amount ofit occurred only in 
the no rabbit treatment (1.0% of cover). None ofthe 23 plants species in the late 
successional field differed among treatments (H3,3<2.500, P ~ 0.28 in all cases). 
When rank-transformed, none ofthe 12 categories ofplants used to test hypotheses 
showed significant differences among treatments by ANOVA in either the mid-successional 
field or the late successional field (see Appendix 1). One ofthe 12 categories (introduced 
graminoids) did show a marginally significant difference among treatments in the late 
successional field (F2,6=3.375, P=0.104), with lower abundances in the fenced control (64% 
of cover) than in either the unfenced control or no-rabbit treatment (80% of cover in both 
cases), but this difference was not significant according to Bonferroni post-hoc analysis 
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(P=O.l30). Measures ofcornmunity structure for vegetation (species,richness, ,evenness,and 
diversity) in the treatment plots in fal12001showed no significant differences (see Appendix 
1). 
Tests ofHypotheses.- Ifound relatively little overall effect ofrabbit access on abundance of 
rabbit-dispersed plants. Although striking differences in the abundance of rabbit-dispersed 
plants occurred among seasons and years in all 3 fields, no significant differences occurred 
between no-rabbit and with-rabbit (control) treatments for either rabbit-dispersed plants as a 
whole or for separate categories of rabbit-dispersed forbs and rabbit-dispersed graminoids 
(RM-ANOVA, F1,4<2.3, P > 0.20 in all cases). Interactions oftreatments with seasons 
occurred in several cases, but only the treatment X season interaction in the mid-successional 
field was significant (F2,g=5.193, P = 0.036). In this case, access by rabbits reduced the 
abundance ofrabbit-dispersed forbs 3-fold during surnmer but not during other seasons. 
Even within the no-rabbit treatment, however, these forbs contributed only 1 % ofthe 
vegetation. 
If endozoochory strongly affected the vegetation, 1 expected the positive effect of 
rabbits to be especially c1ear in annual/biennial plants and in small-seeded plants. The only 
consistently significant effect on annual plants occurred in the mid-successional field, 
however (RM-ANOVA, F1,4=6.l59,P=0.058). In this case, access by rabbits on average 
reduced the abundance ofannual plants from 3.3% to 1.4% ofcover. 
Consistently, significant results indicated responses of small-seeded plants to access 
by rabbits in both the early and late successional fields, but the trends for graminoids and 
forbs differed in the latter. A treatment X season interaction in the early successional field 
(RM-ANOV A, F 1,4= 8.000 , P=0.047) indicated higher mean abundance of small-seeded 
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graminoids with rabbits (47%) than without rabbits (37%) during summer but not during 
other seasons. Similarly, in the late successional field the mean abundance of small-seeded 
graminoids averaged 56 % of cover without rabbits and 83% of cover with rabbits (Fig. 2.2a, 
RM-ANOV A, F 1,4=5.939, P=O.071). Abundance of small-seeded forbs, however, averaged 
36% of cover without rabbits compared to 12% of cover with rabbits (Fig. 2.2b; Fl,4=11.029, 
P=0.029). 
Whether rabbits regarded plants as highly palatable or unpalatable appeared to have 
little effect on the relative abundance of plants. One marginally significant effect of rabbits 
occurred on palatable graminoids in the late successional field, which onIy included the 
sedge C. cephalophora, and for which the mean values of cover were 0.2% with rabbits and 
0.0% with no rabbits (RM-ANOV A, F 1,4=4.455, P=0.1 02). Unpalatable plants did not even 
show a marginally significant response to access by rabbits. Similarly, no significant 
relationship to access by rabbits appeared for woody plants, which only occurred regularly in 
the treatment plots ofthe late successional field (F 1,4=0.638, P=0.452). 
Finally, I examined the relationship of rabbit access to the abundance of introduced 
plants, which again showed relatively little effect of rabbits. A marginally significant 
treatment X year interaction occurred for introduced graminoids in the mid-successional field 
(RM-ANOVA, F2,S=3.087, P=O. 1 02), which reflected 40% greater cover in the no-rabbit 
treatment during 2002-2003 but not during 2001. In the late successionaI field the mean 
abundance of introduced graminoids was 36% lower in the no-rabbit treatment (Fig. 2.3a, 
RM-ANOVA, F2,s=12.239, P = 0.042), whereas the abundance ofintroduced forbs was 80% 
higher in the no-rabbit treatment (Fig. 2.3b, RM-ANOVA, F2,s=18.063, P = 0.013). No 
significant interactions occurred in early or late succession. 
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Responses 01 individual plantspecies. - For the early successional field 17 plantspecies 
occurred in at least half the treatment plots during at least 1 season,and 1 conducted -32 
comparisons of abundance with and without rabbits. Only 2 significant or marginally 
significant trends· occurred. During surnmer of 2004 in the early successional fieId, 
velvetleaf (Abutilon theophrasti) had lower mean abundance without rabbits (0.9%cover) 
than with rabbits (3.8% cover; U3,3=17.5, P=0.026). A similar pattern had occurred for 
velvetleaf during the summer of2002 (0.0% cover without rabbits and 4.5% cover with 
rabbits), although the trend was not significant. In the falI of2004 goIdenrod (Solidago 
canadensis) appeared twice as abundant without rabbits (10.1 % cover) as with rabbits (4.5% 
cover), but the significance ofthis effect was marginal (U3,3=3.0, P=O.l18). 
For the mid-successional fieId 14 species occurred in at least halfthe treatment plots 
during at least 1 ofthe seasons, and I conducted 36 comparisons with and without rabbits. 
During the falls of2002 and 2003, goIdenrod again appeared to have substantialIy greater 
mean abundance without rabbits (46.9% and 68.0% cover, respectively) than with rabbits 
(31.5% and 46.9% of cover, respectively), but the significance was marginal (U3,3=3.0, 
P=0.121 in both cases). In spring of2003, alfalfa (Medicago hispida), like velvetleafin the 
early field, had Iower mean abundance without rabbits (3.2% cover) than wiili rabbits (9.4% 
cover; U3,3=16.0, P = 0.071). By2004 neither ofthese trends held (alfalfa was almost 
eliminated from the field), but during that spring, pennycress (Thlaspi arvense) had greater 
abundance without rabbits (4.7% cover) than with rabbits (0.7% cover; U3,3=1.0, P = 0.036). 
For the late successional field, 11 species occurred in at Ieast halfthe treatment plots 
during at Ieast 1 of the seasons, and I conducted 24 comparisons with and without rabbits. 
Each ofthe 3 years in the season of greatest relative abundance (summer or fall), goldenrod 
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again appeared to be more abundant without rabbits (29%, 28%, and 51 % cover, 
respectively) than with rabbits (24%, 16%, and 22 % cover, respectively), and again the 
significance was marginal (U3,3=3.0, P = 0.121 in all cases). Finally, paralleling the results 
for palatable graminoids, in spring of2004, the relatively uncommon sedge (C 
cephalophora) occurred only in treatments with rabbits (0.7% cover) and not in those without 
rabbits (0.0%, P = 0.09), and, paralleling the results for introduced graminoids, by the fall of 
2004, a dominant introduced grass, tall fescue, had become much more abundant in 
treatments with rabbits (60% cover) than without rabbits (22% cover; U3,3=15.0, P = 0.020). 
Community structure.- In alI ofthe fieIds, richness, evenness, and diversity ofpIant species 
varied substantialIy with year and season, but less so with access by rabbits (Fig. 2.4). 
Species evenness exhibited a season X treatment interaction (RM-ANOVA, F2,8=4.586, 
P=0.047) in the earIy successional field, Iower with rabbits in the falI than in spring or 
summer (Fig. 2.4b). Species richness and diversity did not reveal any other effects of rabbits 
in this fieId. 
Species richness appeared to respond to rabbits in the mid-successional fieId (RM-
ANOVA, F1,4=4.240, P=O. 1 09), where it remained sIightly higher (by 10-14%) in pIots 
without rabbits (Fig. 2.4a). A season X treatment interaction occurred (F2,8=7.479, P=0.015) 
because the effect was more pronounced in summer than in spring or falI. Species evenness 
and diversity did not show significant effects of treatment nor did they show any interactions 
oftreatment with year or season (F<3.3, P > 0.14 in all cases). 
Neither species richness nor evenness showed significant effects ofrabbits (RM-
ANOVA, F 1,4<2. 7, P> 0.18) in the late successional field, but species diversity did (Fig. 
2.4). Species diversity remained 10-20% higher in plots without rabbits (Fig. 2.4c; RM-
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ANOVA, F1,4=4.803, P=0.094). No significant interactions occurred between treatment and 
season or year (F2,g<1.0; P> 0.20 in both cases). 
Discussion 
Tests ofhypotheses and community structure.- Although sorne c1ear effects ofrabbits 
occurred, my results did not compare well with those predicted by my hypotheses. Recall 
thatl predicted that if endozoochory was important, then the abundance of small-seeded 
plants and annuals should be greater on plots with access by rabbits, and the effects should be 
greatest in the early successional field. The on1y results consistent with a positive effect of 
endozoochory were greater abundance ofrabbit-dispersed forbs in the mid-successional field 
during summer, greater abundance of all small-seeded plants in the early successional field 
during summer, and greater abundance of small-seeded graminoids in the late successional 
field during all seasons with access by rabbits. All of these results can be discounted, 
however, because 1) rabbit-dispersed plants formed on1y 1 % ofthe cover in plots with 
rabbits in the mid-successional field during summer, 2) one ofthe most important small 
seeded plants in the early successional field (the horseweed, Conyza canadensis) was wind-
dispersed, not rabbit-dispersed, and 3) small-seeded graminoids with greater abundance in 
the late successional field were introduced plants, which already had greater abundance in 
plots with rabbits when the experiment started. Furthermore, sorne of the results were 
inconsistent with my hypotheses. In the mid-successional field, fewer annuals occurred in 
plots with rabbits, and in the late successional field, fewer small-seeded forbs occurred in 
plots with rabbits. 
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Of course, to disperse seeds rabbits must first consume the fruits, and it may be that 
damage to the plants had a greater negative effect than the positive effect of dispersal. If so, I 
expected to find that palatable plants, particularly forbs, would have lower abundance with 
access by rabbits. I found more rabbit-dispersed forbs in surnmers in the mid-successional 
field, but I also found fewer small-seeded forbs in the late successional field with rabbits. I 
found consistently less goldenrod (Solidago canadensis) in all fields on plots with access by 
rabbits. Tbis species was high1y palatable in spring (Table 2), early in its development, and 
was the dominant small-seed forb by the 3rd year in the early successional field and in all 
years ofthe later successional fields (Fig. 2.1). These results clearly implicate damage to the 
plants by rabbits as having a negative effect on a dominant plant, but rabbits onIy slowed and 
did not prevent goldenrod's aseent to dominance. 
Several other apparent responses of plant species to rabbits appeared more 
idiosyncratic. Greater abundance of velvetleaf (an unpalatable annual plant with large seeds) 
in the early successional field in the surnmer of 2004 may have simply reflected the 
distribution of seeds during the first growing season (2002) because a similar pattem 
occurred then. Reduced abundance of pennycress (an unpalatable annual plant with small 
seeds) in the mid-successional field during spring of 2004 remains inexplicable unless it also 
reflects a patchy distribution of seeds. Increased abundance of alfalfa, a palatable plant with 
relatively large seeds, in the same field during spring of2003 may reflect two phenomena. 
First, alfalfa, like perennial grasses, has been selected to respond positively to grazing, and, 
second, reduction of other forbs, particularly goldenrod, may have temporarily reduced 
competition. The eventual demise of alfalfa during succession probably reflected its 
relatively low stature and the increasing dominance of taller perennial grasses and goldenrod. 
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Increased abundance of sedge and fescue (both perennial graminoids with relatively large 
seeds) with rabbits in the late successional field may simply reflect their original distributions 
in the field. Finally, the trends for woody plants, which only occurred regularly in the late 
successional plots, showed no consistent results, perhaps because rabbits were least abundant 
in and around this field. 
1 did find several trends for introduced species of plants, but those for introduced 
graminoids were not consistent. In the mid-successional field, introduced graminoids 
appeared to respond negatively to rabbits, whereas in the late successional field, they 
appeared to respond positively. For the latter field, however, the pattem ofvegetation in the 
treatment simply reflected their original condition. The apparent reduction of introduced 
forbs by activity of rabbits in the late successional field paralleled the effects on goldenrod, 
the dominant native forb, and indicates a general negative impact of rabbits on perennial 
forbs late in succession of these grasslands. Although most of the forbs inthe late 
successional field were palatable, two species that were not palatable, wild parsnip 
(Pastinaca sativa) and Canada thistle (Cirsium arvense), assumed increasing importance 
Iater in succession (Fig. 2.1). That increasing importance likely reflected, at least in part, 
decreased competitive ability of forbs damaged by rabbits. 
Although rabbits appeared to have both positive and negative effects on different 
components of the vegetation, their overalI effects on community structure consistently 
appeared to be negative. Species richness declined with rabbits in the mid-successional field, 
species evenness declined with rabbits in the early successional field in the falI, and species 
diversity declined with rabbits in the late successional field. The effects were not very Iarge, 
however, in the range of 10-20%. 
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Other considerations. - Year-to-year variability in plant productivity associated with weather 
patterns and rapid successional change in the early successional field could obscure effects of 
herbivory. For instance, although 1 detected no overall significant difference between rabbit 
treatments for the abundance ofrabbit-dispersed species, horseweed (e. canadensis), an 
annual plant not dispersed by rabbits, strongly dominated the vegetation in this field in 2003 
but not in other years (Fig. 2.1). This necessarily meant lower abundances of rabbit-
dispersed species in 2003 and likely disrupted any consistent pattern. 
Given the relatively low power of our experiment in any given field, as a result of a 
logistical trade-off between replication within fields and number of fields used, 1 may not 
have detected responses of uncommon plant species. Three species of relatively rare 
(always less, usually much less, than 6% cover), palatable, rabbit-dispersed plants -- 2 forbs 
(chickweed, Cerastium fontanum, black nightshade, S. ptychanthum) and 1 graminoid 
(witchgrass, Panicum capillare) -- only occurred in plots without rabbits (Tables 1 and 2). 
When combined with the general negative effects ofherbivory by rabbits on forbs discussed 
aboye, this suggests that negative effects of damage generally outweighed the positive effects 
of seed dispersal by rabbits. This conclusion contradicts that of Malo and Suarez (1995, 
1996) for European rabbits, but their studies took place in annual grassland disturbed not 
only by dense populations of rabbits but also by ungulates, including cattle, a situation in 
which contributions to the seed bank likely assume greater importance. 
Conclusions. - Contrary to my hypotheses, endozoochory by rabbits had little effect on 
abundance of plants during succession of the grasslands in our fields. Consistent with my 
hypotheses, damage by herbivory appeared to have substantial effects by reducing the 
abundance of palatable forbs, which resulted in increased abundance of unpalatable forbs. 
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However,.thiseffect only sIowed and didnot stay the marchto dominance by goIdenrod . 
. Positive effects on some forbs not dispersed·by rabbits may haveresulted from tolerance to 
grazing and temporary release from competitive effects of those less tolerant. Apparent 
positive effects ofherbivory by rabbits ongraminoids reflected bias in the sampling plots . 
established at the beginning ofthe study, even though treatments were selected randomly. 
The relatively slight negative effects of rabbits on community structure and composition in 
the long term suggest that lower densities of rabbits in unexploited grasslands North America 
have Iess effect than the higher densities oftheir European counterparts in pastures. 
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Table 2.,. 1. Plants germinated from fecal pellets of rabbits. Asterisks indicate species not· 
present in sampling plots in grasslands. 
# plants % ofall 
Plant species germinated germinated plants . 
Amaranthus spp. 64 24.5 
Solanaceae 
Physalis subglabrata 9 3.4 
Solanum carolinense 7 2.7 
Solanum ptychanthum 3 1.1 
unidentified (P. s. or S. p.) 53 20.3 
Ceratium fontanum 24 9.1 
Setaria viridis 19 7.3 
Cyperus esculentus* 17 6.5 
Portulaca oleracea 14 5.4 
Digitaria ischaemum 13 5.0 
Chenopodium album * 10 3.8 
Rumex crispus 9 3.4 
Urtica dioica* 5 1.9 
Panicum capillare 2 <1 
Polygonum persicaria 2 <1 
Elymus canadensis 2 <1 
Barbarea vulgaris 2 <1 
Digitaria sanguinalis 1 <1 
Achillea millefolia* 1 <1 
Solidago canadensis 1 <1 
Veronica arvensis 1 <1 
Plantago major 1 <1 
Chamaesyce maculata 1 <1 
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Table 2-2. Growth forms (F = forb, G = graminoid, W = woody), life history (A = annual or 
biennial, P = perennial), seed size (Tiny < 0.1 mg, Small 0.1-1.0 mg, Mediuml-3 mg, Large 
> 3.0 mg), and mean palatability scores (ranging from O for untouched to 4 for completely 
clipped) for plant species used in at least 2 rabbit feeding trials. Asterisks indicate non-native 
species. Woody plants tested at immature, herbaceous stage indicated by (imm). 
Palatabili!y score 
Growth Life Seed Spring Fall Weighted 
Plant species form history size N Mean N Mean mean 
Viola affinis F P T 4 3.8 1 3.0 3.6 
Aster ericoides F P T 2 2.5 7 3.6 3.3 
Polygonum persicaria * F A M 3 3.0 5 3.4 3.3 
Trifolium pratense * F P M 5 3.4 15 3.1 3.2 
Medicago sativa* F P M 4 3.0 8 3.1 3.1 
Taraxacum officinale * F P T 5 3.6 10 2.6 2.9 
Setaria viridis * G A S 2 3.5 5 2.6 2.9 
Geum canadense F P M 4 3.3 7 2.6 2.8 
Rosa multiflora* (imm) W P S 5 3.2 7 2.3 2.7 
Solanum ptychanthum F P M 2 2.0 1 4.0 2.7 
Vitis palmata (imm) W P M 2 2.5 O 2.5 
Calystegia sepium F P T 5 2.4 O 2.4 
Gleditsia triacanthos W P L 2 2.0 9 2.4 2.4 
Rumex crispus * F P S 4 3.0 4 1.5 2.3 
Carex cepalophora G P M 4 2.5 4 2.0 2.3 
Physalis subglabrata F P M 1 0.0 4 2.8 2.2 
P anicum capillare G A T O 2 2.0 2.0 
Sida spinosa * F A M O 2 2.0 2.0 
Cerastium fontanum * F P T 5 2.0 O 2.0 
Festuca arundinacea* G P M 3 2.0 4 2.0 2.0 
Solidago canadensis F P T 5 2.6 10 1.2 1.7 
Ambrosía trífida F A L 3 2.3 5 1.2 1.6 
Solanum carolinense F P M 3 2.7 7 1.1 1.6 
Conyza canadensis F A T 3 1.3 2 2.0 1.6 
Bromus japonicus* G A M 2 2.0 2 1.0 1.5 
Oxalis corniculata * F P T 3 1.3 1 2.0 1.5 
Elymus canadensis G P L 4 1.5 5 1.2 1.3 
Poa pratensis* G P S 5 1.8 2 0.0 1.3 
Bromus inermis * G P S 5 1.4 6 1.2 1.3 
Cirsium arvense * F P T 2 3.0 6 0.7 1.3 
Phleum pratense * G P S 1 4.0 3 0.3 1.2 
Dactylis glomerata* G P S 3 1.3 11 1.2 1.2 
Abutilon theophrasti* F A L 3 0.7 2 2.0 1.2 
Amaranthus spp. * F A S 4 1.0 2 1.0 1.0 
Barbarea vulgaris * F A M 4 1.5 5 0.2 0.8 
Thlaspi arvense * F A S 4 0.8 O 0.8 
Asclepias syriaca F P L 2 0.0 4 0.3 0.2 
Pastinaca sativa* F A M 2 0.0 9 0.1 0.1 
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Figure 2.1. Mean percent of cover during September for major components ofvegetation on 
plots (n = 3) accessible to rabbits (Y) and not accessible to rabbits (N) in a) an early 
successional, b) a mid-successional, and e) a late successional old field. 
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Figure 2.2. Mean (± 1 SE) percent cover of a) small-seeded forbs and b) small-seeded 
graminoids. Means across replicates and seasons (n = 9) for years 1-3 from an early 
successional field, years 5-7 from a mid-successional field, and years 14-16 from a late 
successional field. Grey circles represent plots with access by rabbits, and black asterisks 
represents plots without rabbit access. 
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Figure 2.3. Mean (± 1 SE) percent cover ofa) introduced graminoids and b) introduced 
forbs. Symbols as in Fig. 2.2. 
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Figure 2.4. Means (± 1 SE) for measures of plant cornmunity structure, inc1uding a) species 
richness, b) Simpson's species evenness, e) Simpson's species diversity, and d) Gini's 
coefficient of diversity. Symbols as in Fig. 2.2. 
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CHAPTER3 
EFFECTSOF HERBIVORY AND GRANIVORY BY MICE (PEROMYSCUS spp.) 
AND VOLES (MICROTUS spp.) IN SUCCESSIONAL GRASSLANDS 
Introduction 
46 
Differences in seed dispersal, growth rates, resource use, and tolerance to varying 
environmental conditions represent typical mechanisms cornmonly used to explain changes 
in plant cornmunity composition during succession (Connell and Slayter 1977; Tilman 1985). 
However, feeding pattems ofherbivorous and granivorous small marnmals may also direct1y 
influence development of plant cornmunities (Huntly 1991). Herbivory on selected species 
can reduce species diversity by accentuating the dominance ofunpalatable grass and forb 
species in seeded tallgrass prairie restorations (Howe and Brown 1999), whereas foraging on 
dominant plant species can increase plant diversity through competitive release of suppressed 
plant species (English and Bowers 1994, Olffand Ritchie 1998). Seed consumption can also 
influence plant cornmunities. Granivorous rodents ofien prefer large seeds over small ones 
(Mittelbach and Gross 1984; Howe and Brown 2000) and studies in the Chihuahuan desert 
(Brown and Heske 1990, Samson et al. 1992) showed that exc1usion of granivorous rodents 
leads to increased dominance of large-seeded plants. Thus, feeding preferences of small 
marnmals can strongly influence the assembly of grassland plant cornmunities. 
Voles (Microtus spp.) eat mostly the shoots ofplants, particularly monocots, although 
they prefer legumes (Medicago and Trifolium)and dandelions (Taraxacum), and also 
consume seeds (Thompson 1965, Zirnmerman 1965, Col e and Batzli 1979, Lindroth and 
Batzli 1984, Marquis and Batzli 1989, Pascarella and Gaines 1991, Haken and Batzli 1996, 
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Sirotnak and Huntly 2000). Their diets usually consist of greater proportionsof grasses than 
forbs becauseof the limited availability of preferred species. Voles forage on sorne 
annuallbiennial plants in greater proportions than expected by their avaiIability (Haken and 
Batzli 1996) which, because oftheir short life span, has strong negative effects on their 
abundances. Finally, by gnawing the bark of shrubs and saplings and clipping tree seedlings, 
high populations of voles can reduce the abundance of woody plants (Sartz 1970, Parmenter 
et al. 1987, Gill and Marks 1991, Hamback et al. 2004) and their invasion into grasslands 
(Ostfeld.and Canham 1993; Ostfeld et al.1997; Pusenius et al. 2000; Sullivan et al. 2001; 
Pusenius et al. 2003). 
Mice (Peromyscus spp.) tend to be omnivorous, but their diet ofien consists oflarge 
proportions of a wide variety of seeds (Cogshall 1928, Whitaker and Mumford 1972, Batzli 
1977, Kantak 1983). Mice and voles are major seed predators in oId fields ofMichigan 
(Mittelbach and Gross 1984) and restored prairie plantings in Illinois (Howe and Brown 
1999,2000), but the long-term effects oftheir activities remain unknown. 
Many studies have been pubIished on feeding habits of small mammals and their 
effects on desert vegetation and on tree establishment but few have examined the ways in 
which feeding habits of rodents affect pIant communities in mid-westem grassIands. Recent 
surveys classified 19.2% ofland cover in Illinois as rural grasslands (CTAP 2001), a great 
majority of which are patches of oId fieIds, oId pastures, buffer strip s aIong agricultural 
fieIds, or maintained roadsides dominated by non-native grasses. These non-native 
grasslands provide habitat for mice and voles (Hoffmeister 1989, Lin and Batzli 2001) and 
willlikeIy remain part of the landscape. 
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Using exclosure experiments, 1 tested several hypotheses regarding themechanisms 
by which mice and voles could strongly influence successional grasslands. First, voles prefer 
someannual plants (Haken and Batzli 1996,) which usually have few defenses against 
herbivory (Davidson 1993), thereby increasing the rate of disappearance of annual plants in 
early succession. Second, preferential consumption of large seeds by mice and voles lowers 
abundances of large-seeded plants in areas where these animals have access. 1 expected the 
influence ofmice and voleson annual plants and germination oflarge-seeded plants to be 
more pronounced in early succession than in later successional stages because recruitment 
from seeds assumes greater importance early in succession. Third, damage by voles reduces 
the abundance of palatable forbs, which lends to an increase in unpalatable plants. 1 did not 
expect perennial graminoids to be negatively affected by herbivory because their basal 
meristems are less likely to be damaged by herbivory and because they rapidly regrow using 
nutrients stored in underground rhizomes. Fourth, voles slow the establishment ofwoody 
plants because they clip offwoody seedlings and girdle saplings and shrubs. Fifth, the 
combination ofthe effects ofmice and voles lowers species richness and diversity ofthe 
plant cornmunity. Overall, 1 expected the mice and voles to reduce the abundance oflarge-
seeded plants, palatable forbs, and woody plants; to increase the abundance ofunpalatable 
plants; and to lower plant diversity. 
Methods 
Study sites. - 1 conducted my experiments in 3 old fields in different stages of succession at 
the Ecological Research Area ofthe University ofIllinois located 5 km northeast ofUrbana, 
Illinois. To minimize site differences, 1 chose fields that occurred within 1 km of one another 
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with similar soils (silt loam or silty clay loam) and drainage. AH3 fields had be.en planted to . 
alfalfa in thespring foHowing disking ofthe remnants ofthelast fams.crop. Theearly 
successional field was released from agriculture in the faH of2001, the mid-successional 
field in 1998, and the late successional field in 1989. Natural colonization ofthe fields 
foHowed, although the latesuccessional field was mowed once yearly during the dormant 
season until the start of this experiment. 
Exclosure experiments. - In each successional field, I constructed 4-m by 4-m exclosures that 
allowedaccess ofvarious combinations ofmarnmalian herbivores to the vegetation 
depending upon the size ofmarnmal (6 treatments in all). During August to October 2001 in 
the mid and late successional fields and May 2002 in the early successional field, I 
established 3 replicates of each treatment at random plots within a 50 X 100 m grid that had 4 
m between plots in each row and 8 m between plots in each column (see Chapter 2 for 
details). 
Exclosures consisted of corrugated, galvanized steel panel s driven 10 cm into the 
ground and extending 45 cm aboye the ground. I also added a strip of aluminum flashing 
that extended 20 cm aboye the top of the steel panels to prevent mice from climbing the 
sides. I conducted analyses to determine the effect offencing on plant communities (see 
Chapter 2) and the only differences between fenced and unfenced controls were for 2 
patchily distributed plant species: tall fescue (Festuca arundinacea), which had consistently 
greater abundance in the fenced controls in mid-succession (P = 0.050 for all years and 
seasons), and wild parsnip (Pastinaca sativa), which had consistentIy greater abundance in 
the fenced controls in late succession (P = 0.050 for alI years and seasons). The trends for 
both species occurred at the beginning and remained throughout the experiment, so I 
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conc1uded that these differences.·existed a priori and did not represent fence. effects. Here, L . 
only analyze data for the 3 of6 treatment combinations relevant for .thispaper: 1) no-access, 
which used exc10sures to exc1ude all rodents and lagomorphs, 2) mouse-only access (m-
plots) had L3-cm diameter holes drilled through the panelsat ground levelin l-mintervals to 
allow mice to enter and 3) mouse and vole access (m+v plots) had4.4-cm diameter holes 
drilled through the panels at ground leve! in l-m intervals to allow mice and voles to entero 
The effects of each mammal type would then be calculated by the difference between the 
treatments with and without that type of animal. The difference between the no-access and 
the m-plots would showthe effect ofmice while the difference between the m-plots and the 
m+v plots would show the effect ofvoles. 
1 set 4 Sherman traps inside each exc10sure for a period of one week upon completion 
of exc10sures to remo ve animals inside prohibited areas. Subsequently, to check that no mice 
or voles occurred inside the no-access plots and that they did visit the accessible exc1osures, 1 
regularly trapped inside exc10sures when assessing mouse and vole populations on the study 
sites (see below). Deer could access the vegetation by reaching over the sides ofthe 
exc10sures or by jumping in, which they did as evidenced by damage to plants and by fecal 
deposits. 
Because ofthe need for repeated sampling ofvegetation, 1 used a non-destructive 
method to compare the differences in vegetation among treatments. Vegetation grew too 
high for convenient point sampling, so 1 estimated the contribution to cover of all species of 
vascular plants in 6 permanent 0.5 X 1.5-m quadrats (4.5 m total area) within each treatment 
plot. 1 placed a 0.5 X 1.5-m rigid plastic frame, divided into 12 equal sections with taut 
string, over each quadrat to organize our observations. To obtain accurate estimates of 
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percent cover, 1 recorded the number ofsmall sections (l2.5X12.5-cm) covered by each 
plant species within eachquadrat (48 sections per quadrat fora10tal of288persample) 
during each sampling periodo To encompass changes in vegetation throughout the growing 
season; Isampledeach spring (May), surnmer (July), and autumn (September) fram 
September 2001 through May 2005 for the mid- and late successional fieldsand frOID July 
2002 (two months afier the first plants emerged) through May 2005 for the early successional 
field. Because absolute cover estimates varied among seasons and yearS and could exceed 
100%, 1 transfonned the values for each species into relative cover (% of total within each 
sample for each treatment) to analyze composition of the vegetation. Species identification 
and nomenclature followed Mohlenbrock (2002). 
Rodent populations.- To document the use ofthe study sites by small marnmals, 1 conducted 
live-trapping every May, July, and September from May 2002 through September 2004. 1 set 
one Shennan trap baited with sunflower seeds at each of 105 stations 5 meters apart on a grid 
of 7 by 15 in each grassland. 1 set traps for 4 consecutive nights in each field and checked 
them every morning and evening. 1 attached a numbered eartag to each animal and released 
them at the point of capture, although sorne were first used in feeding trials as described 
below. 
Feeding trials.- To detennine the palatability of cornmon and uncornmon grassland plants to 
mice and voles, 1 conducted feeding trials in 1.5-m X 1.5-m enclosures constructed in the 
same style as the exclosures, except that 1 attached a screen across the top ofthe flashing to 
prevent access by predators. Conducting the trials in the field allowed animal s to forage 
under relatively natural conditions, ie., exposed to natural vegetation, day length, and 
weather. To prevent foraging on preferred plants not included in the trial, 1 removed all 
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Festuca arundinacea) . . A wooden nest box with corton beddingprovided shelter and a 
shallow dish provided ad lib water for the rodents. 
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Tomaintain their natural characteristics, 1 carefully dug live plants from the 
experimental fields, placed them into plastic pots, immediately transported them to the 
enclosures, buried the pots with the upper rim at ground level, and watered them. In each 
trial, 1 presented 5· to 10 plant species, a mixture of common anduncommon species, and 
adjusted thenumber and size of plants so that availability ofbiomass was similar. At the 
start of the experiment, 1 noted the numbers of leaves, flowers, and fruits, and the condition 
of each plant. Then 1 placed a single rodent in the enclosure and allowed it to forage for 24 
hrs. 1 used a total of 196 different rodents for feeding trials from spring 2003 through spring 
2005. My goal was to use 5 different animals of each ofthe 3 common rodent species 
(Peromyscus leucopus, Microtus ochrogaster, and M pennsylvanicus) to test palatability of 
each plant species in each ofthe 3 seasons, but sorne plant species only occurred during 1 
year ofthe study, sorne were very rare in sorne seasons, and sorne were consistently rare, so 
not all species appeared in the same number oftrials. Since 1 caught only 1 M 
pennsylvanicus in the early successional grassland during this study, 1 only tested plant 
species present in the mid- and late successional grasslands with this species. 
In addition to testing the palatability of plant shoots, 1 tested palatability of seeds to 
the mammals by providing seeds from 3 additional plant species in each feeding trial during 
the season in which the seeds matured in the field. 1 collected seeds from plants in the 
surrounding grassland, dried them in the lab, and pre-weighed them into 1-2 gram rations. 1 
placed seeds of each species into shallow dishes and placed 15 x 30 cm corrugated metal 
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panels 10 cm aboye the dishes to prevent the seeds from being washed out by rain. 1 
conducted granivory feeding trials with 26 relatively cornmon plant species. 1 did not use 
species with extremely small seeds «0.1 mg), such as Aster ericoides, Cerastiumfontanum, 
and Solida'go·canadensis,or species that were rarely encountered in the grassland. My goal 
was to use 5 different animal s of each species with each type ofseed, but for some plant 
species 1 was unable to collect enough seeds, so not all species appearedin the same number 
oftrials. 1 conducted more than 5 trials with many species of seed for P. leucopus to ensure 
that the mice had enough food available. 
After each feeding trial, 1 scored damage to each plant species on a scale from O to 4. 
Zero indicated that the plant appeared untouched by the animal, 1 indicated slight damage 
(<25%),2 indicated moderate damage (25-49 %), 3 indicated severe damage (50-74%), and 4 
indicated nearly complete destruction (>75%). 1 included all damage even ifuneaten 
material remained on the ground because the impact on the plant did not depend on 
consumption. To estimate the overall palatability of a plant to each marnmal species, 1 
weighted mean values across seasons by the number of animals used for tests of the plant 
species during a season. To assess seed palatability, 1 took the remaining seeds to the lab 
where they were dried and re-weighed to determine the difference between initial weights 
and final weights. 
Statistical methods.- To establish similarity oftreatment plots in the mid- and late 
successional fields at the beginning of the experiment, 1 compared the cornmunity 
composition based upon the relative abundance of each species before establishing the 
exclosures (Fa1l2001). Because probability plots indicated that efforts to transform relative 
cover to reflect normal distributions failed, 1 used a non-parametric equivalent of ANOV A, 
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the Kruskal-Wallis test, forthese analyses (Zar 1996, p. 198). 1 also,compared the 
abundancesofplantsinthe categories used to test my hypotheses and the values for 
measures of community structure (richness, evenness, and overall diversity-see details 
below). Because'thesetwo sets ofdata were normally-distributed;lusedaone-'way ANOVA 
to test for differencesamong the treatment groups. 1 could not compare the initial vegetation 
in sampling plots for the early successional field because there was no emergent vegetation in 
Spring 2002 when the exclosures were first established. 
1 calculated Pearson's correlation coefficient to identify the relationship betweenseed 
size and mean weights of species of seeds consumed by each mammal species. 1 considered 
seeds with weights < 1.5 mg small and those > 1.5 mg large (followingHowe and Brown 
1999), which almost evenly divided the plant species into the two categories. Using mean 
values of consumption for each species of seeds, 1 conducted a one-way ANOV A to 
determine if the 3 mammal species differed from one another in their overall consumption of 
seeds. To determine if any ofthe 3 mammal species preferred large seeds over small ones, 1 
log-transformed the mean weight of consumed seeds of each plant species to normalize 
distributions and conducted a t-test for each mammal species. 
To test my hypotheses, 1 categorized plants as small- «1.5 mg) or large-seeded (> 1.5 
mg); highly palatable (mean palatability >2 for at least one mammal species) or unpalatable 
foliage (mean palatability::;l for all mammal species); plants with palatable seeds (mean 
consumption of>250 mg by at least one species); annualslbiennials or perennials; and forbs, 
graminoids, or woody plants. 1 then conducted repeated-measures ANOV A with access (no-
access, m-plots, m+v plots) as a between-plots factor and year and season as within-plots 
factors on the relative abundance of each category for each successional old field. For the 
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repeated-measures analyses, 1 used 3 years of data with 3 seasons ineach. year. 1 wanted to 
control for repeatedmeasures but frequently could not establishnormal dis.tributions fOfthe 
response variables. l, therefore, conducted analyses with rank:-transformed data (Conover 
1980). For.the-mid- and latesuccessional fields, however, the number:,ofsampling.periods in 
the graphs presented also includedata from fall2001 and spring 2005 .. 
To help interpret pattems found when hypothesis testing, 1 examined effects of 
rodents on individual species by comparing the abundance of all plant species that regularly 
occurred in our treatment plots (at least 2 of 3 replicate plots for atleast one treatment) 
during the season in which they were most abundant. 1 could seldom transform the values to 
reflect a normal distribution, so 1 compared treatments for each year using the non-parametric 
Kruskal-Wallis test. Although multiple comparisons oftreatments on different plant species 
may lead to underestimates oftype 1 error, these tests were only done to help interpret results 
found by hypothesis testing. Therefore, 1 did not adjust significance levels using Bonferroni 
corrections. 1 could not use multivariate analyses of cornmunity composition nor repeated 
measures MANOVA because 1 had too few replicates for each treatment (n = 3). 
Finally, 1 considered plant cornmunity structure by analyzing species richness, 
evenness, and diversity in all plots. 1 used Simpson's index of evenness (Krebs 1999, p. 
449): E = (lJ¿p¡2)/S where p¡ is the proportion of cover for the ith species and S is the number 
of species in the sample. 1 used Gini's coefficient of diversity for an unbiased index of 
diversity given low values for evenness and small sample sizes (Lande 1996): G = 1-¿p/. 1 
omitted the correction factor for number of individual s in each sample (NIN -1) because my 
samples were based upon cover estimated in 288 small quadrats. Linear probability plots 
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Throughout this study, given my small sample size (n=3), 1 set the significance level 
for aH analyses at P = 0.1 to reduce type 11 error and expected to detect only fairly large 
effects. 
Results 
Rodent populations. - Granivores dominated the rodent community of the early suecessional 
grassland. In addition to the most abundant rodent, Peromyscus leucopus (60% of 185 
individuals captured; Fig. 3.1), 1 also caught Microtus ochrogaster (14%), P. maniculatus 
(10%), Reithrodontomys megalotis (9%), Zapus hudsonius (6%), and M pennsylvanicus 
«1 %). 1 never caught P. maniculatus in the mid- or late successional grasslands, although 1 
did catch the other mice there. Herbivores dominated the rodent communities in the mid-
and late successional fields: 126 M pennsylvanicus among the 235 individual s (59%) 
captured in mid-succession and 103 among the 168 individuals (62%) in late suecession; 26 
M ochrogaster in mid-succession and 18 in late succession, 12% ofthe individual s in both 
fields. 
Throughout my 3 years of trapping, in the early successional grassland 1 eaught 7 
mice (1 P. manuculatus, 2 R. megalotis, and 4 P. leucopus) inside the m-plots, and 10 mice 
(1 Z hudsonius, 1 P. maniculatus, 2 R. megalotis, and 6 P. leucopus) and 2 voles (M. 
ochrogaster) inside the m+v plots. In the mid-successional grassland, 1 eaught 6 mice (aH P. 
leucopus) and 3 juvenile voles (M pennsylvanicus) inside the m-plots, and 5 miee (1 R. 
megalotis and 4 P. leucopus) and 18 voles (3 M ochrogaster and 15 M pennsylvanicus) 
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inside the m+v plots. In,the late successional field, 1 caught 3mice (aH P .. leucopus) inside 
the m-plots and 16 voles(3 M ochrogaster and 13 M pennsylvanicus) inside the m+v plots. 
These numbers roughly reflected the relative densities ofrodents in the unexclosedareas of 
the grassland: 1 never caught any mice or voles inside the no-access plots; 
Feeding trials. - Df 26 plant species that 1 tested with M pennsylvanicus, 5 were highly 
palatable (mean palatability scores >2.0; Table 1): a bienniallegume (Trifolium pratense), a 
perenniallegume (Medicago sativa), a perennial dicot (Taraxacum officinale), and 2 
perennial grasses (Bromus inermis and Festuca arundinacea). Fifteen species were 
unpalatable (mean palatability scores .:s1.0), 5 of which were annual/biennial; Dnly 1 annual 
plant, Bromus japonicus (Japanese brome), was moderately palatable to M pennsylvanicus. 
Palatability scores of 41 plant species (15 annual/biennial) tested with M ochrogaster 
showed only 3 dicots, the same as for M pennsylvanicus, (T. pratense, M sativa, T. 
officinale) and 1 perennial grass (Lolium perenne) as highly palatable. Of the 30 unpalatable 
species, 12 were annual or biennial. The two remaining annual/biennials (B.japonicus and 
Ambrosia trifida) were moderately palatable to M ochrogaster. 1 tested P. leucopus with the 
same 41 plant species as M ochrogaster, but the mice found no species highly palatable. In 
fact, on1y three species were even moderately palatable to the mice: two annual forbs 
(Barbare a vulgaris and Abutilon theophrasti) and one annual grass (Echinochloa crus-galli). 
Pearson's correlation coefficient (r) indicated a significant positive relationship 
between seed size and consumption for P. leucopus (r = 0.62, P=0.002), but not for M 
ochrogaster (r = -0.05, P=0.823) or M pennsylvanicus (r = -0.13, P=0.620). Although there 
was a trend for Peromyscus to consume more seeds than either vole species (O ± SE= 0.33 g 
± 0.7 for P. leucopus, 0.16 g ±..0.5 for M ochrogaster, and 0.23g ± 0.7 for M 
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pennsyJvanicus), there was no statistically significant difference.among the three.(one-way . 
ANOVA; F2,59=1.698, P=O. 140). However, because the mean size of Peromyscus in our 
feeding trials was 22 g, whereas the mean of Microtus was 42 g, Peromyscus did consume 
moreseedson aper gram bodyweight basis. When seeds weregroupedintolarge(>1.5mg) 
and small «1.5 mg) for mean consumption by rodents, 1 found no differenceinthe amount 
of large or small seeds consumed (O ± SE= 0.28 g ± 0.06 for large, 0.22 g ± 0.05 for small; t-
test, t-stat=0.794, d.f.=60, P=0.430). When 1 analyzed consumption ofseeds for each 
mammal species separately, 1 found that P. leucopus had a greater tendency to takemore 
large seeds than small (O ± SE= 0.43 g ± 0.12 for large seeds, 0.26 g ± 0.08 for small; t-
stat=1.270, df=21, P=0.218), but no species showed a significant preference (M ochrogaster 
O ± SE = 0.23 g ± 0.08 for large, 0.16 g ± 0.06 for small, t-stat=0.716, df=20, P=0.482; M 
pennsylvanicus O ± SE = 0.15 g ± 0.07 for large, 0.26 g ± 0.10 for small, t-stat=-0.858, 
df=18, P=0.404). 
As seen in Table 3-2, sorne large seeds were not heavily consumed by mice or voles 
«150 mg/24 hrs; Lolium perenne, Barbarea vulgaris,andAsclepias syriaca) and sorne small 
seeds were (>600 mg/24 hrs; Setaria viridis, Phleum pratense, Pastinaca sativa). The 
different mammalian species did prefer somewhat different species of seeds. On average, P. 
leucopus heavily consumed (>500 mg/24 hrs) seeds of7 species: Setaria viridis (annual 
grass), Elymus canadensis and Phleum pratense (perennial grasses), Abutilon theophrasti and 
Ambrosia trifida (annual forbs), Pastinaca sativa (biennial forb), and Sida spinosa (perennial 
forb); M pennsylvanicus heavily consumed seeds of 4 species (E. canadensis, P. pratense, P. 
sativa and Carex cephalophora, a perennial sedge) and M ochrogaster heavily consumed 3 
species (E. canadensis, S. spinosa, and S. viridis). 
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Original vegetation. - I found no significant differences amongour three. treatment levels. 
(no-'access, m-access, m+v access) at the time the exclosureswere established in the mid-and 
late-successional fields (FalI2001). The early successional field (Spring 2002) had no 
emergent plants when 1 establishedthe exclosures. Thedominant'plant species inbothmid-
and late succession wereFestuca arundinacea (mean cover 20% and 59%, respectively) and 
Solidago canadensis (mean cover 33% and 23%, respectively). In addition, the mid-
successional field had an mean cover of23% Medicago sativa. Kruskal-Wallis tests 
revealed no significant differences among treatments for abundances of any plant species in 
the mid- or late successional fields (H3,3<3.0, P >0.20 in all cases). None ofthe categories of 
plants used to test my hypotheses (annuals, large-seeded plants, plants with palatable seeds, 
palatable plants, unpalatable plants, and woody plants) showed significant differences among 
treatments in the mid- or late successional fields (one-way ANOVA, F2,6 <2.5, P > 0.29 in all 
cases). Neither did significant differences occur in species richness, evenness, or diversity 
among treatment levels in either the mid- or late successional grasslands (one-way ANOV A, 
F2,6 <2.5, P ~ 0.225 in all cases). 
Hypothesis testing.- In reporting the results of data analyses for hypothesis testing, I refer to 
effects due to access by rodents (no-access, m-plots, and m+v plots) as treatment effects. For 
functional groups that are not normally distributed, 1 report P-values for analyses the rank-
transformed data. 1 do not report significance of the factors of season or year because such 
effects are cornmon as vegetation changes through both the course of the year and the 
process of succession. Likewise, to streamline the results, 1 do not report interaction effects 
unless the interactions are statistically significant (P~O.l 00) or almost so. 
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Experimental treatments did not significantIy affect the abundance of short-lived 
plants (annual or biennial) in any field (RM-ANOVA; Fl,4 <2.5, P>0.29 for all fields). 
Large-seeded plants in the early successional field showed significantIy greater abundance in 
the m+v plots than in the m-plots or no-access plots in 2004 (RM-ANOV A, F2,6=3.838, 
P=0.084 rt). In mid-succession, abundances oflarge-seeded plants did not differ with 
treatments (RM-ANOV A, F2,6=0.930, P=0.507 un, 0.445 rt). Parterns in late succession 
resembled those in early succession, with greater abundances of large-seeded plants in the 
m+v plots than in the m-plots or no-access plots in 2004 (RM-ANOVA, F2,6=4.175, 
P=0.072). 
Feeding trials indicated that rodents at my sites did not dramatically discriminate 
among seeds based on size, and even plants with highly palatable seeds were equally 
abundant among treatments in early succession (RM-ANOVA, F2,6=0.258, P=0.781). 
Significant but opposite patteros in abundance of plants with palatable seeds due to treatment 
occurred in mid- and late successional grasslands (RM-ANOV A, F2,6=21.407, P=0.002 for 
mid-succession and F2,6=5.643, P=0.042 for late succession). In mid-succession, the no-
access plots had greater abundances of plants with palatable seeds overall than the m-plots or 
m+v plots (mean cover of22, 12, and 10%, respectively; Fig. 3.2a), although there was a 
spike in abundance of palatable-seeded plants in spring 2005 in the plots to which rodents 
had access. In late succession, significantIy higher abundances of plants with palatable seeds 
occurred in the m+v plots than the no-access plots by September 2002 (mean cover of 18 and 
4%, respectively), while the m-plots had intermediate abundances (P=0.070; Fig. 3.2b). This 
pattero continued through fall 2004, at which time abundances were significantly greater in 
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the m+v plots than in either the m-plots or the no-access (mean cover 13%, 4% andl %, 
respectively; P=0.002). 
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The abundance of palatable forbs did not differ with treatment in either early or late 
succession (RM-ANOVA, F2,6=0.563, P=0.597 for early succession and F2,6=2.l41 , P=O.l99 
for late succession). However, in mid-succession, a consistent and significant trend occurred 
with more palatable forbs in areas without rodent access than with rodent access (RM-
ANOVA, F2,6=14.791, P=0.005; Fig. 3.3a). AnaIyses showed no significant interactions 
(F<O.5, P>0.85 for all interactions). 
Palatable graminoids did not occur in sufficient abundance for analysis in early 
succession. Unexpectedly, however, 1 found significant overall effects of rodent access on 
palatable graminoids in both mid- and late succession (RM-ANOVA, F2,6=3.790, P= 0.086 
for mid-succession and P= 0.015 for late succession; Fig. 3.3b-c). Differences between the 
no access and rodent-accessible plots appeared to increase over time, with more palatable 
graminoids (combined abundances of Bromus inermis, Dactylis glomerata, Festuca 
arundinacea, and Lolium perenne) in areas without rodent access. Analyses did not indicate 
any significant interactions in mid- or late succession (F<1.5, P>0.70 for all). 
Unpalatable plants showed no differences in abundance among treatments in the early 
successional grassland (RM-ANOV A, F2,6=0.042, P=0.949). In the mid-successional 
grassland, mean abundance of unpalatable plants ranged from 31-36% in all treatments 
during fall 2001, but there was a significant access X year interaction during the next three 
years as abundances dramatically increased in treatments with rodent access (RM-ANOVA, 
F2,4=2.823, P=0.079). Mean abundances reached 80-90% in plots with rodent access but 
remained below 50% without rodent access (Fig. 3.4a). A similar partem occurred in late 
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succession, with initial abundances of 31-41 %, unpalatable plants decreasing in abundance 
over time in no-access plots to 10-20%, and increasing over time to 60-70% in m-access and 
m+v acéess plots (RM-ANOVA, F2,6=7.676, P=0.023; Fig. 3.4b). There was no significant 
access X year interaction, however (P=0.936). 
Woody plants (tree seedlings) occurred sporadically in all three fields and were onIy 
common enough for statistical analysis in late succession and in the last 2 years of early 
succession. In neither field did rodent access affect abundances ofwoody seedlings (RM-
ANOVA, F2,6=0.115, P=0.893 for early succession, and F2,6=0,474, P=0.644 for late 
succession). 
Community structure. - I found no overall treatment effect nor any significant interactions in 
species richness, evenness, or diversity in earIy succession (RM-ANOVA, F2,6<0.4, P ~0.720 
in all cases). Species richness also did not respond to treatments in mid- or late succession 
(RM-ANOVA, F2,6= P=0.791 , 0.959 respectively), although I did fmd a significant 3-way 
interaction in mid-succession (F8,24=2.302, P=0.055), in which treatment effects during all 
seasons varied among years and a treatment X year interaction in late succession, with lower 
richness in m-plots than in no-access in 2003 and the opposite pattem by the end of 2004 
(F4,12=4.037, P=0.029). 
In the mid-successional grassland, no-access plots had significantly higher species 
evenness than either the m-plots or m+v plots, which differed little (RM-ANOV A, 
F2,6=87.856, P<O.OOl; Fig. 3.5a). The trends found in late succession were opposite ofthose 
in mid-succession, with highest evenness in m+v plots and Iowest in no-access plots, but 
these differences existed in the original vegetation and changed little afier the course of the 
experiment (RM-ANOV A, F2,6=2.205, P=0.191; Figure 3.5b). 
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In mid-succession, no-access plots had significantly higher diversity than m-plots or 
m+v plots (RM-ANOVA, F2,6=14.474, P=O.005; Fig. 3.5c) and there was a significant 
interaction between access and year (F4,12=5.513, P=O.009), with greater differences between 
the no-access and rodent-access pIots in later years. In the late successional grassland, I 
found no overall response of diversity to rodent access (RM-ANOVA, F2,6=1.671, P=O.265) 
although I did find an interaction between access and season (F4,12=4.109, P=O.025), with 
greater diversity with access in spring (May) and falI (September) than in summer (July). 
Discussion 
Tests ofhypotheses.- Mice and voles clearly affect the composition ofthe plant communities 
in old fields, although not in all the ways I had expected. I expected annual and biennial 
plants to be palatable to voles and abundances of these plants to be lower in areas with vole 
access. In my feeding trials, however, the only highly palatable short-lived plant was the 
leguminous Trifolium pratense. Both vole species also found Bromus japonícus moderately 
palatable and M ochrogaster found Ambrosía trífida moderately palatable. Overall, most of 
the annual and biennial plants remained uneaten, which probably explains why the overall 
abundance of annual/ biennial plants did not differ among treatment levels. 
I had expected Peromyscus to consume a greater amount of seeds than either species 
of Mícrotus. While I did find a trend for Peromyscus to consume more seeds than either vole 
species, the difference only became significant if considered per gram body mass. I also 
expected mice and voles to preferentially feed on large seeds (Mittlebach and Gross 1984, 
Howe and Brown 1999), leading to reduced abundances of large-seeded plants in areas 
accessible to rodents. Unlike Howe and Brown (1999), I found no change in the abundance 
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of large-seeded plants attributable to rodent access. Again,this probably reflected the lack of 
distinctpreference by rodents for seeds in the larger categoryinmy feedingtrials; Numerous 
studies have reported significant negative influences of mouse granivory on very large seeds 
(eg., acoms) ofplantsin forests(Davidson 1993), but there wereno.seeds in'my.grasslands 
comparable to those. 
My final expectation with regard to granivory was to frnd lower abundances of plants 
with palatable seeds in areas accessible to rodents, particularly in early succession. Ifound 
no significant difference in the abundances of plants with palatable seeds in early succession, 
however, where they averaged around 30% of cover in all treatments. This grassland was 
bordered by cropland on 3 sides and forest on the fourth. Perhaps birds, which had equal 
access to all plots, affected seed abundance more in this field than did rodents as Howe and 
Brown (1999) reported, even though my trapping data indicated substantial activity by 
rodents in the first years of succession. 
As expected, greater abundances of plants with palatable seeds did occur in areas 
from which rodents had been excluded in mid-succession, a pattern that appeared primarily 
due to Medicago sativa. This legume decreased over time in all plots, but was present at 
significantly lower levels in plots to which rodents had access. This likely reflected the high 
palatability of its foliage to both vole species and its seeds to all three rodent species. In May 
2005, however, a spike in abundance ofpalatable-seeded plants occurred in the plots to 
which rodents had access, likely because of Thlaspi arvense, which was relatively 
unpalatable to voles (Table 1). In 2004, vole populations in the mid-successional grassland 
reached the highest densities seen during this study and much of the vegetation in this field 
was devastated. The combination ofthe decreased cover (absolute, as well as relative) of 
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perennialgrasses induced by the increased grazing by theNole population and the low. 
palatabilityofT arvense shoots allowed it to increase in abundance inspring2005. 
In late succession, I found greater abundanee of plants with palatable seeds in areas 
aeeessibleto miee and voles. Medicago sativa was not presentin thelate sueeessional 
grassland and, thus, did not influence patterns of abundanee there; Rather, the inerease in 
abundanee of Poa pratensis, a perennial grass with seeds highly palatable to M 
pennsylvanicus, the dominant rodent in the eommunity, largely aecounted for the changes. 
Why then did the abundanee of P. pratensis inerease with vole aeeess? This grass seored 
very low in paIatability triaIs (Table 1), and the abundanee of the more palatable dominant 
grass Festuca arundinacea deereased with vole aeeess over this time periodo This likely 
allowed more light and spaee for P. pratensis, which is low-growing and light-Ioving 
(Bugbee and Johnson 2005). 
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As expected, I found lower abundanees of highly paIatable forbs in areas aecessible to 
the herbivorous voles in the mid-sueeessional field, where substantial decreases in M sativa 
oceurred in areas with rodent aeeess (discussed above). In early sueeession, mean 
abundances of palatable forbs (mostIy M sativa, whieh was planted) ranged between <1 % 
and >40% eover because ofhighly variable water availability in this field (flooding and 
drought), so no treatment effeets were deteeted. In late suecession, there were very few 
highly paIatable forbs overall (mean eover eonsistently <1 % and ofien zero), but after 2 years 
of rodentexclusion, red clover (T. pratense), highly palatable to voles in this study and others 
(Zimmerman 1965, Lindroth and Batzli 1984, Marquis and Batzli 1989), appeared in two of 
the no-aeeess plots in relative abundanees as high as 4% eover. Similar increases in 
Trifolium oeeurred inside vole exclosures in Wyoming grassland (Sirotnak and HuntIy 2000). 
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; 1 had"expected higher abundances of unpalatable. species in areas with rodent access 
due to remo val uf palatable species by the herbivores, and did find an increase in:unpalatable 
plants in mid- and late successional fields where rodents had access. In both fields, this 
pattemappeared driven by Solidago canadensis, a dominant,· perennial, rhizomatous forb that 
increased steadily over time in plots with rodent access, but not in plots without rodent 
access. Solidago canadensis had just begun to colonize the early successional field by the 
last year of this study and, in spite of the lack of response to herbivory by palatable species in 
this field, S. canadensis occurred in significantly higher abundances in spring 2005 in m+v 
plots than in no-access plots (32.2% and 0% cover, respectively), while m-plots had 
intermediate abundances (16.3 % cover). Palatable forbs were extremely rare in late 
succession, so the increase in S. canadensis in that field was probably in response to decline 
in the dominant grass, Festuca arundinacea. 
I had expected little, if any, response of perennial grasses to herbivory due to their 
basal meristems and their storage ofnutrÍents in underground rhizomes. However, grasses 
highly palatable to voles in this study (Bromus inermis, Dactylis glomerata, Festuca 
arundinacea, and Lolium perenne) did respond with increased abundance inside rodent 
exclosures in both the mid- and late successional fields, suggesting a negative response to 
vole herbivory. In a California annual grassland, an increase in Festuca, a less preferred 
grass occurred at high vole (M californicus) densities, when standing crop and seed crop of 
highly preferred species had been substantially reduced (Batzli and Pitelka 1970). 
Although many studies have found negative effects ofvoles on woody seedlings 
(Ostfeld and Canham 1993; Ostfeld et al.1997; Pusenius et al. 2000; Sullivan et al. 2001; 
Pusenius et al. 2003), I found no such effects in these grasslands. However, Ionly 
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occasionally encountered tree seedlings in the early and late successional grasslands, and 
never in the mid-successional grassland. More intense sampling or sites with greater 
recruitment of seedlings may be required to see an effect of voles. 
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Finally, I had expected the removal ofherbivorous and granivorous activity to result 
in decreased species richness, evenness, or diversity of plants because foraging activities 
should extirpate or at least reduce abundances of highly palatable species, thereby increasing 
the dominance of unpalatable species. Once again, I found no effect of treatment in early 
succession. Contrary to my predictions, greater species evenness occurred in the plots to 
which mice and voles did have access in the late successional field. Species evenness in this 
grassland seemed strongly affected by the abundance of Solidago canadensis, that increased 
in abundance in old field grasslands over the course of succession, dying back each fall and 
sending up new sprouts in the spring. By the end of the growing season, S. canadensis 
shoots were > 1 m tall and, though a field might appear strongly dominated by that one 
species, a variety of species grew undemeath the goldenrod. This likely enabled areas with 
high abundances of S. canadensis to maintain higher evenness in spite ofherbivory. In the 
plots without herbivore access, Festuca arundinacea (an introduced, perennial bunchgrass) 
increased in abundance, creating a much thicker cover with fewer plants surviving 
undemeath. 
In the mid successional grassland, as expected, higher evenness and diversity 
occurred in the plots without rodents. Very high vole densities occurred in this field in 2004 
(Fig. 3.1) and, by late summer 2004, the understory below S. canadensis had virtually 
disappeared and voles which could occasionally be seen running across the ground. By 
growing rapidly in the spring and becoming fibrous and highly unpalatable to voles, S. 
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canadensis escapes herbivory, but apparently voles had consumed most other plants in this 
field. The refuge from herbivory inside the no-access exclosures resulted in greater evenness 
and diversity of plants there. 
Voles VS. mice.- 1 designed the exclosures to separate the effects ofthe smaller, granivorous 
mice from the slightly larger, more herbivorous voles. Analysis ofthe data, however, 
indicated that 1 did not achieve this objective. 1 had designed the exclosures for the m-plots 
with 1.3 cm holes to allow access by mice and tested them with adult voles (2:40 g) to be sure 
that voles could not move through holes of this size. Although 1 only trapped 3 juvenile 
voles inside the m-only plots, 25% of all voles trapped were in the size range of Peromyscus 
(:s 30 g) and, because young voles can be under-represented in live-trapping (Boonstra and 
Krebs 1978) and as populations increased during summer, juveniles and sub-adults may have 
done a large part ofthe foraging. For almost all ofthe significant differences in plant 
abundances attributable to the treatments applied in this study (Figs. 3.2 to 3.4), the m-plots 
and m+v plots had similar abundances and the no-access plots differed from those. In 
addition, measurements ofzygomatic breadth (the widest portion ofthe skull) and body 
length indicate that there may be only a 1 mm difference in skull width with a 15 mm 
difference in body length between P. leucopus and the 2 vole species (M ochrogaster and M 
pennsylvanicus, Hoffineister 1989, pp. 210, 232). Thus, in grasslands with increasing vole 
populations and diminishing amounts ofhigh-quality food, the small holes in the sides ofthe 
exclosures probably did not effectively prevent foraging by substantial numbers ofyoung 
voles. 
Conclusions. - Although unable to separate the effects of mice and voles, their combined 
activities did substantially affect the plant communities of old fields. In theory, herbivores 
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should prefer annual plants, which typically have more chemical.defenses (Davidson 1993), 
over perennials"thushastening theprogress of successional transitionfrom dominanceof 
annual plants to perennials. However, voles found most annual species unpalatable in my 
feeding trials and evidencefrom multiple studies shows that herbivory morefrequendy , 
retards thanaccelerates succession (Davidson 1993). 
The on1y other study to investigate effects of multiple small marnmal species on plant 
cornmunities in successional old fields (Bowers 1993) reported few effects due to little 
visitation by animal s in years 1-4 of succession. While 1 documented regular visitation by 
marnmals, even in the first year of succession, 1 still found few effects of rodents then. As 
succession progressed and perennial grasses and forbs increased in abundance, the animals' 
feeding preferences had greater influence on the relative abundance of plants in the 
cornmunities. 
Results of this study suggested greater effects of herbivory compared to those from 
granivory. Abundances ofplants with palatable seeds were, as expected, less cornmon in 
areas with rodent access in mid-succession, but this effect was attributable to one particularly 
palatable species (Medicago sativa) that was planted. This decline ofthe plant also 
accounted for the on1y decrease in palatable forbs attributable to rodents (in mid-succession). 
Goldenrod (8. canadensis), the unpalatable dominant forb in these old field grasslands, 
increased in abundance where voles had access, results similar to those found at high rodent 
densities in tallgrass prairie (Gibson et al. 1990). Palatable perennial grasses also responded 
to herbivory, achieving higher abundances without rodents in both the mid- and late 
successional fields. 
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Other studies ofherbivory have found either positive or negativ:e effects'on:diversity 
(Huntly 1991); and 1 found contrasting pattems in species,evenness in mid-:and late· 
succession, likely attributable to differences in vole densities. Many exclosure studies have 
shown .that feedingofherbivoresupon les s common species leads toincreased dominanceuf 
the unpreferred species (Lindroth 1989, Gibson et al. 1990, Bowers 1993, Howe etal. 2002), 
whereas consumption of dominant species leads to increased plant species evenness and 
diversity (Weis 1975, Lindroth 1989, Howe and Brown 2000, Howe and Brown 2001, 
Olofsson et al. 2002). In my study, the mid-successional grassland had very high vole 
density, which led to low evenness and diversity when one unpalatable species carne to 
dominate the cornmunity. The late successional grassland had with lower herbivore pressure 
and higher evenness arnong plant species. 
Overall, effects ofherbivory were greater than those of granivory, palatable plants 
decreased and unpalatable plants increased in abundance with rodent access and, not 
surprisingly, the influence ofherbivory was most noticeable where the density ofvoles was 
highest. There was little overall effect of rodents on diversity of plant cornmunities, but 
their influence on plant diversity differed between fields with varying herbivore pressure. 
Literature Cited 
BATZLI, G. O. 1977. Population dynarnics ofthe white-footed mouse in floodplain and 
upland forests. Am Midl Nat 97: 18-32. 
BATZLI, G. O. and F. A. PITELKA. 1970. Influence ofmeadow mouse populations on 
California grasslands. Ecology 51(6): 1027-39. 
BOONSTRA, R. and C. KREBS. 1978. Pitfall trapping of Microtus townsendii. J. Marom. 
59: 136-148. 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
BROWN, J. R and E. 1. HESKE. 1990. Control of a desert..,grassland transition by a' 
keystone rodent guild. Science 250: 1705-1707. 
BUGBEE, R and P. JOHNSON. 2005. Genetic characteristics and environmental 
parameters fer growing turfgrass in closed and retractable dome stadiums. 
http://www.usu.edu/cpl/research_turf.htm 
71 
COGSHALL, A. S. 1928. Food habits of deer mice ofthe genus Peromyscus in captivity. J 
Mamm 9: 217-21. 
COLE, F. R. and G. O. BATZLI. 1979. Nutrition and population dynamics ofthe prairie 
vole, Microtus ochrogaster, in central Illinois. Joumal of Animal Ecology 48: 455-
470. 
CONNELL, J.R. and R.O. SLA YTER. 1977. Mechanisms of succession in natural 
communities and their role in community stability and organization. Am. Nat. 111: 
1119-1144. 
CONOVER, W. J .. 1980. Practical nonparametric statistics, 2nd edition. John Wiley and 
Sons, New York. 
DAVIDSON, D. W .. 1993. The effects ofherbivory and granivory on terrestrial plant 
succession. Oikos 68: 23-35. 
DICKINSON, N. M. and A. POLWART. 1982. The Effect ofMowing Regime on an 
Amenity Grassland Ecosystem: Above-and Below-Ground Components. Joumal of 
Applied Ecology 19: 569-577. 
ENGLISH, E. 1. and M. A. BOWERS. 1994. Vegetation gradients and proximity to 
woodchuck (Marmota monax) burrows in an old-field. Joumal ofMammalogy 75: 
775-780. 
GETZ, 1. 1., J. E. HOFMANN, B. McGUlRE, and T. W. DOLAN lII. 2001. Twenty-five 
years of population fluctuations of Microtus ochrogaster and M pennsylvanicus in 
three habitats in east-central Illinois. J. of Mammalogy 82: 22-34. 
GIBSON, D. J., C. C. FREEMAN, and 1. C. HURLBERT. 1990. Effects ofsmall mammal 
and invertebrate herbivory on plant species richness and abundance in tallgrass 
prairie. Oecologia 84: 169-175. 
GILL, D. S. and P. 1. MARKS. 1991. Tree and shrub seedling colonization of old fields 
in central New York. Eco!. Monographs 61: 183-20 
HAKEN, A. E. and G. O. BATZLI. 1996. Effects ofavailability offood and interspecific 
competition on diets ofprairie voles (Microtus ochrogaster). J. Mamm. 77: 315-324. 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
HAMBACK,PóA.,>L..OKSANEN, P. EKERHOLM, A.LINDGREN,T.OKSANEN;and 
M. SCHNEIDER. 2004. Predators indirectly protect tundra plants by reducing 
herbivore abundance. Oikos 106: 85-92. 
HOFFMEISTER, D. F .. 1989. Marnmals ofIllinois. University ofIllinois Press. 
HOWE, H. F. and J. S. BROWN. 1999. Effects ofbirds and rodents on synthetic tallgrass 
cornmunities. Ecology 80: 1776-1781. 
HOWE, H. F. and J. S. BROWN. 2000. Early effects ofrodent granivory on experimental 
forb cornmunities. Ecological Applications 10: 917-924. 
HOWE, H. F. and J. S. BROWN. 2002. The ghost of granivory past. Ecology Letters 4: 
371-378. 
72 
HOWE, H. F., J. S. BROWN and A. B. ZORN. 2002. A rodent plague on prairie diversity. 
Ecology Letters 5: 30-36. 
HUNTL Y, N .. 1991. Herbivores and the dynamics of cornmunities and ecosystems. Annual 
Review ofEcology and Systematics 22: 477-503. 
KANTAK, G.E. 1983. Behavioral, seed preference and habitat selection experiments with 
two sympatric Peromyscus species. Am Midl Nat 109: 246-52. 
LANDE, R. 1996. Statistics and partitioning of species diversity, and similarity among 
multiple cornmunities. Oikos 76: 5-13. 
LIN, Y. K. and G. O. BATZLI. 2001. The influence ofhabitat quality on dispersal, 
demography, and population dynamics ofvoles. Ecological Monographs 71: 245-75. 
LINDROTH, R. 1. and G. O. BATZLI. 1984. Food habits ofthe meadow vole (Microtus 
pennsylvanicus) in bluegrass and prairie habitats. J Marnm 65: 600-606. 
LINDROTH, R. 1. 1989. Marnmalian herbivore-plant interactions. in Plant-Animal 
Interactions, ed. W. G. Abrahamson, McGraw-Hill. 
MARQUIS, R. J. and G. O. BATZLI. 1989. Influence of chemical factors on palatability of 
forage to voles. J of Marnmalogy 70: 503-11. 
MITTELBACH, G.G. and K.L. GROSS. 1984. Experimental studies of seed predation in 
old-fields. Oecologia 65: 7-13. 
MOHLENBROCK, R. H. 2002. Vascular Flora ofIllinois. Southem Illinois University 
Press. 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
OLFF, H. and M .. E.RITCHIE. 1998. Effects ofherbivores on grassland plant diversity. 
TREE 13: 261-265.· 
OLOFSSON, J., J; MOEN, and L. OKSANEN. 2002. Effects ofherbivory on competition 
intensity in two arctic-alpine tundra communities with different productivity. Oikos 
96: 265-272; 
73 
OSTFELD, R. S. and C. D. CANHAM. 1993. Effects ofmeadow vole population density of 
tree seedling survival in old fields. Ecology 74: 1792-1801. 
OSTFELD, R. S., R. H. MANSON, and C. D. CANHAM. 1997. Effects ofrodents on 
survival oftree seeds and seedlings invading old fields. Ecology 78: 1531-1542. 
PARMENTER, R. R., M. R. MENSCH, and J. A. MACMAHON. 1987. Shrub litter 
production in a sagebrush-steppe ecosystem: rodent population cycles as a regulating 
factor. J. ofRange Management 40: 50-54. 
PASCARELLA, J. B. and M. GAINES. 1991. Feeding preferences ofthe prairie vole 
Microtus ochrogaster for seeds and plants from an old-field successional community. 
Transactions ofthe Kansas Academy of Science 94: 3-11. 
PUSENIUS, J., R. S. OSTFELD, and F. KEESING. 2000. Patch selection and tree-seedling 
predation by resident vs. immigrant meadow voles. Ecology 81: 2951-2956. 
PUSENIUS, J., K. PRITTINEN, H. ROININEN, and M. ROUSI. 2003. Effects ofthe 
availability of herbaceous food on vole attacks on birch seedlings. Ecoscience 10: 
155-160. 
SAKAI, T. and H. HIROTA. 1990. Studies on the root mass accumulation with a secular 
change in six cool-season grass species. Grassland Science 36: 247-253. 
SAMSON, D. A., T. E. PHILIPPI, D. W. DA VID SON. 1992. Granivory and competition as 
determinants ofannual plant diversity in the Chihuahuan deserto Oikos 65:61-80. 
SARTZ, R. S .. 1970. Mouse damage to young plantations in southwestem Wisconsin. J.of 
Forestry 68: 88-89. 
SCHMIDT, B. and F. A. BAZZAZ. 1992. Growth responses ofrhizomatous plants to 
fertilizer application and interference. Oikos 65: 13-24. 
SIR01NAK, J. M. and N. J. HUNTL Y. 2000. Direct and indirect effects ofherbivores on 
nitro gen dynamics: voles in riparian areas. Ecology 81: 78-87. 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
74 
SULLIVAN, T.P., D.B. SULLIVAN, and E. J. HOGUE. 2001. ~Influence ofdiversionary 
foods on vole (Microtus montanus and Microtus longicaudus}populations and 
feeding damage to coniferoustree seedlings. Crop Protection'20:103-U2.' 
SWIHART, R.K. and R.H. YAHNER. 1982. Habitat featuresinfluencing use offarmstead 
shelterbelts by the eastem cottontail (Sylvilagusfloridanus). Am. Mid!. Nat. 107: 
411-14. 
THOMPSON, D. Q .. 1965. Food preferences ofthe meadowvole (Microtus pennsylvanicus) 
in relation to habitat affinities. American Midland Naturalist 74: 76-86. 
TILMAN, D .. 1985. The resource-ratio hypothesis ofplant succession. Am. Nat. 125: 827-
52. 
WEIS, 1. M. 1975. Alterations in a grassland plant cornmunity: the effects ofmicrotine 
herbivory. Ph. D. dissertation, University ofIowa. 
WHITAKER, J. O. Jr. and R. E. MUMFORD. 1972. Ecological studies on Reithrodontomys 
megalotis in Indiana. J. Marnm. 53: 850-60. 
ZAR, J. H .. 1996. Biostatistical analysis. Prentice-Hall. 
ZIMMERMAN, E. G. 1965. A comparison ofhabitat and food oftwo species of Microtus. 
J. Marnm. 46: 605-12. 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
75 
rabIe3,.1. Weighted mean.herbivory scores for pIant palatabilities (spring,.summer,and fall) 
by the three most common mammal species. Microtus pennsylvanicus was not present in the 
early successional grassland and,therefore, not fedplants onlyfound in thatfield.Status in 
Illinois (N=native, I=introduced), life history (A=annual or biennial, P=perennial), growth 
forms (F=forb, G=graminoid, W=woody), and mean palatability scores for plant species. 
Woody plants tested at immature, herbaceous stage indicated by (imm). Plants not available 
in spring indicated by 1, those not available in faH indicated by 4.. .. 
Life Growth M. ochrogaster M. pennsylvanicus P.leucopus 
Plant species Origin history form N mean N mean N mean 
Trifolium pratense I A F 15 2.7 19 2.8 15 0.4 
Medicago sativa I P F 16 2.5 21 3.0 22 0.6 
Taraxacum officinale I P F 15 2.5 22 2.4 15 0.5 
Lo/ium perenne I P G 15 2.3 15 1.0 15 0.3 
Dacty/is glomerata I P G 15 2.0 15 1.7 15 0.0 
Festuca arundinacea I P G 15 1.9 15 2.4 15 0.3 
Ambrosia trifida 1 N A F 12 1.8 15 0.7 10 0.5 
Bromus japonicus2 I A G 15 1.4 10 1.2 15 0.0 
Rumex crispus I P F 15 1.1 20 1.0 15 0.0 
Phleum pratense I P G 15 1.1 15 1.1 15 0.7 
Thlaspi arvense2 I A F 9 1.0 11 0.4 11 1.0 
Carex laevivaginata N P G 15 0.9 15 1.9 15 1.0 
POlygonum persicaria I A F 15 0.8 20 0.9 
Rosa multiflora (imm) I P F 15 0.8 17 0.8 15 0.0 
Chamaesyce maculata 1 N A F 8 0.8 10 0.0 
Aster ericoides N P F 15 0.8 15 1.2 17 0.1 
Abuti/on theophrast¡1 I A F 11 0.8 14 1.9 
Setaria viridis 1 I A G 15 0.8 21 0.7 
Conyza canadensis1 N A F 10 0.8 17 0.0 
Sida spinosa 1 I P F 9 0.7 12 0.8 
Pastinaca sativa I A F 18 0.7 17 0.2 15 1.0 
Calystegia sepium 1 N P F 10 0.7 10 0.0 10 0.0 
SOlidago canadensis N P F 15 0.6 17 0.8 15 0.0 
Vitis palmate (imm) N P F 15 0.6 15 0.5 15 0.8 
Amaranthus retroflexus1 I A F 12 0.6 18 0.2 
Viola affinis N A F 15 0.5 15 0.7 . 15 0.0 
Oxa/is corniculata I P F 15 0.5 15 0.0 
Elymus canadensis N P G 15 0.5 15 1.4 15 0.0 
Panicum capillare1 N A G 4 0.5 
Physalis subglabrata1 N P F 10 0.4 10 0.0 
Bromus inermis I P G 15 0.4 15 2.9 15 0.0 
Geum canadense N P F 15 0.4 15 0.4 15 0.0 
Poa pratensis I P G 15 0.4 17 0.2 16 0.0 
Asclepias syriaca N P F 12 0.4 13 0.2 12 0.5 
Cirsium arvense I P F 10 0.4 17 0.0 15 0.0 
Barbarea vulgaris I A F 17 0.3 23 0.2 10 1.3 
Solanum ptychanthum1 N P F 9 0.3 10 0.8 
Echinochloa crus-galli1 I A G 13 0.2 12 1.3 
Cerastium fontanum I P F 10 0.0 15 1.5 10 0.0 
Vernonia gigantean N P F 12 0.0 15 0.6 10 0.0 
Solanum carolinense N P F 10 0.0 17 0.5 12 0.5 
Digitaria sanguinalis1 I A G 10 0.0 10 0.0 
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TableJ-2.Mean weight of seeds± SE consumed by the three species ofmarnmal most 
common in successional grasslands (number oftrials in parentheses). Seed sizes.are· 
categorized as large (L, :> 1.5mg) or small (S, <1.5 mg). 
Seed Mean consumption (g/24 hrs) 
weight Seed 
Plant seecies (mg) size P. /eucopus M. ochrof].aster M. pennsylvanicus 
Arnbrosia trifida 39.3 L 1.260 ± 0.469 (5) 0.114 ± 0.066 (5) 0.105 ± 0.105 (5) 
Setaria viridis 0.7 S 0.840 ± 0.238 (7) 0,705 ± 0.468 (5) 
Ph/eum pratense 0.5 S 0.763 ± 0.274 (7) 0.133 ± 0.098 (5) 0.601 ± 0.117 (5) 
Elymus canadensis 3.3 L 0.716 ± 0.142 (5) 0.721 ± 0.299 (5) 0.607 ± 0.235 (5) 
Pastinaca sativa 1.0 S 0.655 ± 0.147 (6) 0.080 ± 0.080 (5) 0.850 ± 0.234 (5) 
Sida spinosa 2.6 L 0.617 ± 0.294 (5) 0.700 ± 0.355 (4) 
Abutilon theophrasti 9.8 L 0.604±0.121 (9) 0.136 ± 0.092 (5) 
Medicago sativa 1.7 L 0.385 ± 0.082 (6) 0.212 ± 0.105 (5) 0.130±0.101 (5) 
Th/aspi arvense 0.1 S 0.356 ± 0.124 (5) 0.046 ± 0.019 (5) 0.063 ± 0.018 (5) 
Bromus japonicus 2.3 L 0.312 ± 0.172 (5) 0.116 ± 0.050 (5) 0.060 ± 0.012 (5) 
Trifo/ium pratense 1.3 S 0.250 ± 0.057 (7) 0.360 ± 0.132 (5) 0.118 ± 0.050 (S) 
Polygonum persicaria 1.4 S 0.198 ± 0.068 (8) 0.056 ± 0.027 (5) 
Asclepias syriaca 4.6 L 0.143±0.114(S) 0.020 ± 0.013 (S) O.OOS ± 0.004 (S) 
Lolium perenne 3.3 L 0.124 ± 0.042 (5) 0.010 ± 0.006 (5) 0.000 ± 0.000 (S) 
Carex cepha/ophora 2.6 L 0.098 ± 0.071 (6) 0.123 ± 0.043 (5) 0.590 ± 0.157 (5) 
Barbarea vulgaris 2.3 L 0.086 ± 0.054 (5) 0.120 ± 0.050 (S) 0.032 ± 0.014 (S) 
Bromus inermis 0.9 S 0.OS1 ± 0.012 (7) 0.048 ± 0.027 (5) 0.064 ± 0.020 (5) 
Rumex crispus 0.7 S 0.048 ± 0.024 (7) 0.027 ± 0.017 (S) 0.041 ± 0.019 (S) 
Echinochloa crus-galli 0.8 S 0.04S ± 0.041 (5) 0.312 ± 0.212 (S) 
Festuca arundinacea 1.2 S 0.044 ± 0.019 (7) 0.007 ± 0.007 (S) 0.030 ± 0.021 (S) 
Poa pratensis 0.3 S 0.040 ± 0.013 (S) 0.OS4 ± 0.029 (S) 0.4S1 ± 0.190 (S) 
Digitaria sanguinalis 0.7 S 0.017 ± 0.017 (4) 
Dactylis g/omerata 0.4 S 0.008 ± 0.004 (5) 0.044 ± 0.021 (5) 0.110 ± 0.087 (5) 
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Figure 3.1. Numbers of different individuals of small mammal species trapped in A) an early 
successional, B) a mid-successional, and C) a late successional old field. 
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Figure 3.2. Mean (± 1 SE) relative abundances ofplants with palatable seeds under three 
treatments in A) a mid-successional and B) a late successional old field in September (S), 
May (M), and JuIy (J) 2001 to 2005. Treatments with access by no small mammals, by mice 
only, or by mice and voles, all with 3 replicates. 
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Figure 3.3. Mean (± 1 SE) relative abundances of A) palatable forbs in mid-succession, B) 
palatable graminoids in mid-succession, and C) palatable graminoids in late succession in 
September (S), May (M), and July (1) 2001 to 2005. Treatments with access by no small 
marnmals, by mice onIy, or by mice and voles, all with 3 replicates. 
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Figure 3.4. Mean (± 1 SE) relative abundances ofunpalatable plants in A) a mid 
successional and B) a late successional old field in September (S), May (M), and JuIy (J) 
2001 to 2005. Treatments with access by no small mammals, by mice only, or by mice and 
voles, all with 3 replicates. 
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Figure 3.5. Mean (± 1 SE) for A) species evenness in mid-succession, B) species evenness in 
late succession, C) Gini coefficient of diversity in mid-succession, and, D) Gini coefficient of 
diversity in late succession in September (S), May (M), and JuIy (J) 2001 to 2005. 
Treatments with access by no small mammals, by mice onIy, or by mice and voles, all with 3 
replicates. 
0.8 
0.7 
g¡ 0.6 
Ql 
c: 
55 0.5 
~ 
~ 0.4 
'ü 
Ql 
a. 
en 0.3 
0.2 
0.1 
A 
f-
f-
f- J 
! 
¡ 
f-
:-
f-
S 
2001 
0.9 
e 
0.8 1-
0.7 f-
~ 0.6 
.... 
e-
Ql 
.~ 0.5 -
"C 
'c 0.4 i:9 -
0.3 1-
0.21-
n 1 
S 
2001 
I 1 
I I I 
M J S 
2002 
I I 
M J S 
2002 
-, 
Atcess 1 
• none -
I!II mice 
¡;] mice+voles-
-
-
1 r -
I ~-i I ! 
M J S M J S M 
2003 2004 2005 
I I 1 
-
-
-
-
r -
t -
-
M J S MJ S M 
2003 2004 2005 
If) 
1.0 
0.9 
0.8 
~ 0.7 
c: 
~ 0.6 
.~ 0.5 
o 
~ 0.4 
en 
0.3 
0.2 
0.1 
f-
-
-
-
f-
f-
f-
f-
B 
1 
¡ I I 
[ 
1 I I 
-
-
-
, ¡ ¡ -; 
\ I -I 
i -
-
-
SMJSMJSMJSM 
2001 2002 2003 2004 2005 
0.8 
0.7 
0.6 
~ 
.~ 0.5 
> 
'6 
'c 0.4 
i:9 
0.3 
0.2 
ni 
D 
1 
f- 1 
, 
\ 
f- I 
e-
-
-
1-
l. 1 
,-
, 
¡ 
I i I 
r 
-
I 
-
-
-
-
-
SMJSMJSMJSM 
2001 2002 2003 2004 2005 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
CHAPTER4 
~ EFFECTSOF WHITE-TAILED DEER (ODOCOILEUS VIRGINlANUS)ON· 
SUCCESSIONAL GRASSLANDS 
Introduction 
82 
Densities ofwhite-tailed deer (Odocoileus virginianus) have reached record highs in 
recent decades in the rnidwestem U.S. (Nixon et al. 2001). Numerous studies have shown 
that browsing by deer can alter the cornposition of tree seedlings and saplings in forests, 
slowly leading to a cornmunity ofless palatable tree species (Anderson and Katz 1993, 
Augustine and Jordan 1998, Gill and Beardal12001, Russell et al. 2001, Rooney and Waller 
2003). Deer also forage selectively on the herbaceous understory in forests and can even 
eliminate preferred plants, such as lilies and orchids (Nixon et al. 1991, Waller and Alverson 
1997, Russell et al. 2001, Rooney and Waller 2003). Sorne studies in grasslands have shown 
that deer browsing reduces growth rates of woody seedlings and saplings and slows the rate 
of succession (Inouye et al. 1994, Knapp et al. 2002). In remnants of tallgrass prairies, 
Anderson et al (2001, 2005) found that deer negatively irnpacted standing biornass and 
reproductive capacities of preferred forbs so that unpalatable forbs and grasses increased in 
abundance. 
While agriculture and developrnent have destroyed 99.9% ofthe native prairies in 
Illinois (IDENR 1994), recent surveys report that over 19% of current land cover in Illinois is 
grassland (CTAP 2001). Most ofthese grasslands, formed on abandoned croplands 
(oldfields), roadsides, and bufferstrips, are dorninated by introduced, perennial grasses such 
as Festuca arundinacea, Poa pratensis, and Bromus inermis (CTAP 2001). The resulting 
fragmented landscape of wooded patches, agricultural fields, and non-native grasslands 
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fonns ideal habitatfor deer (Comicelli et al. 1996), but Lfound.no studies ofthe'impactof, 
deer inthese grasslands:- To identify the changes in the plantcommunities caused bydeer 
herbivory, 1 designed an experiment to exclude deer from plots in oldfields at different 
successional stages 
Because deer forage selectively on forbs in the growing season and on woody plants 
in the winter, 1 hypothesized that activity of deer would 1) decrease the proportion of forbs in 
the plant community and increase the proportion of graminoids, 2) decrease the proportion of 
woody seedlings and saplings in the plant community, and 3) decrease the diversity ofthe 
plant community. Although other activities of deer, such as trampling and seed dispersal, 
could also affect plant communities, 1 do not test hypotheses related to those mechanisms 
here. 
Methods 
Study sites. - Because 1 wanted to examine the effects of deer over the course of succession 
from agricultural fields to mature grassland, 1 conducted my experiments in 3 old fields in 
different stages of succession. Although 1 chose the fields to represent different stages of 
succession, 1 recognize that sorne differences might reflect local conditions rather than 
successional stage. To minimize site differences, 1 chose old fields that occurred within 1 km 
of one another at the Ecological Research Area of the University of Illinois located 5 km 
northeast ofUrbana, Illinois. AH fields had similar soils (silt loam or silty clay loam) and 
drainage (flat topography), and each was planted to alfalfa in spring afier disking the 
remnants ofthe proceeding faH's crop. The early successional field was released from 
agriculture in the fall of 200 1, the mid-successional field in faH of 1998, and the late 
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successio.nal field inJall o.f 1989. Natural co.lo.nizatio.n o.fthe fieIds fo.llo.wed witho.ut further 
disturbance, exceptfo.r do.rmant mo.wing o.fthe late successio.nal.fieIdJo.r several years befo.re 
the start o.f this experiment. 
Exclosure experiments. - In each successio.nal field, as pan: of a larger study o.f mammalian 
herbivo.ry, I co.nstructed 4-m by 4-m exclo.sures that allo.wed access o.fvarious co.mbinations 
o.f mammalian herbivo.res to. the vegetatio.n depending upo.n the size o.f mammal. In fall 
2001 and spring 2002, I established exclo.sures fo.r different gro.ups o.f small mammals and 
co.ntro.l plo.ts (5 treatment levels with 3 replicates each) at rando.m lo.catio.ns within a 50 X 
100 m grid that had 4 m between plo.ts in each ro.w and 8 m between plo.ts in each co.lumn. In 
spring and earIy summer 2003, I added three deer exc1o.sures to. the 50 X 100 grid. The deer 
exc1o.sures were co.nstructed with 2-m tall wire fencing (5 cm X 15 cm mesh) attached to. 
co.mer po.sts 4 m apart and raised 30 cm abo.ve gro.und level to. allo.w access by all o.ther 
herbivo.res. Altho.ugh enterprising deer mightjump o.ver such fences, getting o.ut o.fthe small 
space wo.uld likely cause substantial destructio.n, and I saw no. sign that deer ever entered the 
exclo.sures (no. damage, no. feces, no. signs o.ffo.raging). The co.ntro.l plo.ts had o.nly co.mer 
stakes. 
Because o.f the need fo.r repeated sampling o.f vegetatio.n, 1 used a no.n-destructive 
metho.d to. compare the differences in vegetatio.n amo.ng treatments. Vegetatio.n grew to.o. 
high fo.r co.nvenient po.int sampling, so. I estimated the co.ntributio.n to. co.ver o.f all species o.f 
vascular plants fo.und in 6 permanent 0.5 X l.5-m quadrats (4.5 m to.tal area) lo.cated within 
each treatment plo.t. I placed a 0.5 X 1.5-m plastic frame, divided into. 12 equal sectio.ns with 
taut string, o.ver each quadrat to. o.rganize my o.bservatio.ns. To. o.btain accurate estimates o.f 
percent co.ver, I reco.rded the number o.f small sectio.ns (12.5 X 12.5-cm) co.vered by each 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
85 
plantspecies withineach quadrat.(48 sections per quadrat fora total of288 persample), . 
duringeach sampling·period; ·To iencompass changes invegetation throughout the growing 
season, 1 sampled each spring (May), summer (July), andautumn (September) from the time 
the plots were established throughSeptember 2005. Becauseabsolute cover estimates varied 
among seasons and years and could exceed 100%, 1 transformed the values for each species 
into relative cover (% of total within each sampling plot) to analyze composition of the 
vegetation. Species identification and nomenclature followed Mohlenbrock (2002). 
Statistical methods.- To determine similarity ofthe control and treatment plots at the 
beginning of the experiment, 1 summarized vegetation data for the first season in which the 
deer exclosures were established (spring 2003 for mid and late succession, summer '03 for 
early succession). 1 compared the community composition for the control and treatment plots 
based upon the relative abundance of plant species using the Mann-Whitney U-test (MW), 
the non-parametric equivalent ofthe t-test (Zar 1996, p. 198), because 1 could not transform 
the cover data to reflect a normal distribution. 1 also categorized the data into groups that 
would be used to test my hypotheses (forbs, grasses, woody plants) and calculatedmeasures 
of community diversity. 1 conducted t-tests on these data (which were normally distributed) 
to determine if a priori differences existed between the control and exclosure plots. 
To test my hypotheses, 1 categorized the data on relative abundances of plant species 
and in the control and treatment plots as forbs, graminoids, or woody seedlings/saplings for 
each sampling period (spring 2003 to summer 2005) and conducted repeated-measures 
ANOV A with the deer access as the between-plots factor and sampling period as within-plots 
factors. When 1 was unable to establish normal distributions for the response variables, 1 
conducted analyses with rank-transformed data (Conover 1980). 
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To help,interpret pattems.found when hypothesis testing;Iexamined,effectsof.deer 
on individual species by comparingthe abundance of each plant.specieswitha:1:-test onthe 
control and exclosure treatments for the sampling period in question. If the data for a species 
were not normally distributed, I used the Mann-Whitney U-test (MW); 
I could not use multivariate analyses of cornmunity structure nor repeated measures 
MANOV A because 1 had relatively few samples for each treatment each season in each field 
(n = 3). Given this small sample size, 1 set the significance level for all analyses at P=O.100 
to reduce type II error. Although multiple comparisons oftreatments on different plant 
species may lead to underestimates oftype 1 error, these tests were only done to help 
interpret results found by hypothesis testing and not as post-hoc analyses, so 1 did not adjust 
significance levels using Bonferroni corrections. 
Finally, 1 considered plant cornmunity structure by analyzing species richness, 
evenness, and diversity in all sampling plots. 1 ca1culated evenness based on Simpson's 
index of evenness (Krebs 1999, p. 449): E = (l;¿p?)/S where Pi is the proportion of cover for 
the ith species and S is the number of species in the sample. A value near O indicates low 
evenness while a value closer to 1 indicates that the same proportion in each species. 1 used 
Gini's coefficient of diversity for the most unbiased index of diversity because of low values 
for evenness and small sample sizes (Lande 1996): G = 1-Ip? 1 omitted the correction 
factor for number ofindividuals in the sample (N1N-1) because my samples were always 
based upon coverestimated using 288 small quadrats. Linear probability plots indicated that 
these data were normally distributed, so 1 conducted repeated-measures ANOVA for 
cornmunity structure on untransformed data. 
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Results 
TESTING OF HYPOTHESES 
Early succession. - In the first season in the early successional grassland (summer 2003), 
there were significantly greater abundances of forbs in areas outside the exclosures than areas 
inside (means of96.1 % and 93.1 % cover, respectively; t-stat=3.242, P=0.032). However, by 
summer 2004, there were greater abundances offorbs in areas from whichíhedeer had been 
excluded (means of 49.1 % cover with and 63.2% cover without deer). This pattern of more 
forbs without deer access continued throughout 2005, although the difference was not 
statistically significant (RM-ANOVA, F1,4=2.356, P=0.200; Fig. 4.1a). There were no 
significant interactions with treatment (RM-ANOVA, P>0.6 for all cases). 
With the exception of the occasional woody seedling, grasses formed the remainder 
of plant cover; the abundances of grasses showed the opposite pattern of the forbs, with 
initially significantly lower abundances of grasses with deer than without (means of2.6% 
and 6.4% cover, respectively; t3,3=-3.487, P=0.025), but changing to more grasses in areas 
with deer and fewer without deer by summer 2004, although again not statisticalIy significant 
(average cover 50.0% and 36.1% respective1y; RM-ANOVA, F1,4=2.515, P=0.188). There 
were no significant interactions with treatment (RM-ANOV A, P>0.600 for all). 
Examining the abundances of the individual plant species in the first season, I found 
significant differences in the abundance of only one species, the annual grass Setaria viridis, 
which was more common inside the deer exclosures (mean cover without deer 6.1 %, with 
deer 2.6%; Fig. 4.2a). The response of this species to the deer exclosures over time seemed 
to be driving the differences between the treatment levels for grasses. The abundances of S. 
viridis in the control and exclosure plots in summer 2004 were not different (t3,3=0.568, 
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P=0.600), but by summer 2005 this species was significant1y more abundant in the control 
plots than inside the exclosures (mean eover without deer 37.4%, with deer 11.4%; 
t3,3=2.157, P=0.097). 
88 
There were no differences in abundances of woody seedlings between deer exclosures 
and control plots at the start ofthe study (t3,3=0.788, P=0.475) nor for the remainder ofthe 
study (RM -ANOV A, F 1,4= 1.202, P=0.334; Fig. 4.1 b). However, abundances of Prunus 
serotina and Gleditsia triacanthos were significant1y higher inside exclosures than in control 
plots and, in faet, were only observed inside the plots to whieh deer had access (U3,3=262.5, 
P=0.038 and U3,3=273, P=0.019, respeetively; Fig. 4.3a-b). 
Mid-succession. - In the first season of deer exclosures in the mid-successional grassland 
(spring 2003), there were no significant differenees in the relative abundanees offorbs or 
grasses (t3,3=-0.883, P=0.427 and t3,3=1.036, P=0.359, respeetively). No woody seedlings or 
saplings oecurred in any of the experimental plots throughout the experiment. Examining the 
abundanees of the individual plant species, 1 found only a significant difference in the 
abundances of Taraxacum officinale (t3,3=-2.270, P=0.086) and a margina11y significant 
difference in Ambrosia trifida (U3,3=1.5, P=0.121); both were in greater abundances inside 
the deer exclosures (mean cover 4.3% and 0.3%, respectively) than in the control plots (mean 
cover 2.5% and 0.0%, respectively). Afier that first sampling period, however, T. officinale 
occurred consistently in higher abundances in plots with deer access, with a statistica1ly 
significant difference in spring 2005 (t3,3=2.828, P=0.047). Ambrosia trifida, on the other 
hand, had similar relative abundances on both control and deer exclosure plots throughout 
both 2004 and 2005, although 1 observed deer foraging on this plant. 
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Repeated-measures ANOV As indicated a significant difference in the abundances of 
grasses and forbs in the mid successional grassland (Fl,4=8.106, P=0.047 for both) and a 
significant interaction between access and year (P<O.OOI). Relative abundances of grasses 
decreased significantly over time inside deer exclosures while the abundance of forbs 
increased significantly over time inside the deer exclosures (Fig. 4.1 b). Examination of 
pattems of abundance in individual plant species revealed significantly greater abundances 
Festuca arundinacea in areas with deer access than in deer exclosures (average cover with 
deer 32.6%, without deer 20.1%; U3,3=283.5, P=0.005; Fig. 4.2b). Cirsium arvense had the 
opposite trend, with greater abundances inside deer exclosures than in control plots, although 
high variability kept the overall difference from statistical significance (U3,3=212.5, P=0.111; 
Fig.4.4b). 
Five additional species ofthe 23 species tested had overall P-values < 0.100 (see 
Appendix), but the differences in the abundances of these species were likely due to pre-
existing vegetation pattems. Although initial analyses did not indicate statistically significant 
differences in any of these species at the beginning of the experiment, 1 had very low power 
to detect weak differences (N=3) and trends for these plants did not change through time. 
Solidago canadensis, for example, had higher abundance inside deer exclosures than in 
control plots throughout the study (Fig. 4.5b). Dactylis glomerata had variable abundance in 
control plots throughout the study and always occurred at low abundance inside the 
exclosures. Abundances of Ambrosia trifida, Bromus inermis, and Plantago major also were 
highly variable, but all occurred more frequently inside the deer exclosures than in control 
plots. 
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Late succession. - In the frrst season in the late successional grassland (spring 2003), there 
were no significant differences in relative abundances of grasses, forbs, or woody seedlings 
(t3,3<0.71, P<0.34 in all cases). Ofthe 17 plant species in our plots at this time, we found 
only one (Carex cephalophora) for which abundances were significantly different between 
the control and deer exclosure plots (mean cover with deer 0.5%, without deer 3.6%; t3,3= 
-5.297, P=0.004). 
Repeated-measures ANOV As showed no significant differences in abundances of 
grasses or forbs and no significant interactions (F<0.51, P>0.51 in all cases; Fig. 4.1c). Of 
the 31 plant species present in the plots, 1 found statistically significant differences in relative 
abundances of 12 (MW, P<O.lO in all cases; see Appendix). Poa pratensis and Bromus 
inermis were both more abundant in control plots than inside exclosures, a trend that was 
present at the beginning of the study and continued throughout the duration. Rosa multiflora, 
Ambrosia trífida, Physalis subglabrata, Aster ericoides, Viola affinis, Calystegia sepium 
were all more abundant inside deer exclosures than in control plots, although their 
occurrences within plots were highly variable. With the exception of A. ericoides, the mean 
abundances of these species never reached 1 % cover, and abundance inside individual plots 
varied between 0% and 2.5% cover. Mean cover of A. ericoides reached almost 3% in the 
fall seasons, with abundance inside plots between O and 8.5% cover. Cirsium arvense, on 
the other hand, appeared strongly affected by deer (U3,3=200, P=0.014; Fig. 4.4c). Its 
abundance was similar in the two treatments in 2003, but the difference between plots with 
and without deer access increased over time; in the summers of2003, 2004, and 2005, cover 
average s in control plots were 2.0%, 1.6%, and 1.2% while inside the deer exclosures they 
were 2.7%,5.4%, and 6.0%. 
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Overall abundance of woody seedlings was not significantIy different between the 
control and deer exclosure plots (F 1,4=0.570, P=0.492), although this category did include 3 
of the species for which I found statistically significant differences. Prunus serofina and 
Gleditsia triacanthos occurred more frequentIy encountered inside the deer exclosures than 
in the control plots but both were present there at the beginning of the experiment (Fig. 4.3c, 
3d), while a third species (Morus alba) showed the opposite trend throughout the experiment 
(U3,3>290, P<0.08 in all cases). 
COMMUNITY STRUCTURE 
In the first season, there were no differences in any measures of cornmunity structure 
(richness, evenness, and diversity) between the control and deer exclosure plots in early 
succession (t3,3<1.0, P2:0.388 in aH cases), mid·succession (t3,3<0.71, P2:0.519 in all cases), 
or late succession (t3,3<1.6, P>0.21 for aH cases). Similarly, I found no significant 
differences in any of the measures due to treatment or any significant interactions in early 
succession (RM·ANOV A, F 1,4<3. 7, P>0.12), mid·succession (F 1,4<1.3, P>0.31), or late 
succession (Fl,4<0.64, P>0.471), although there was a trend for greater species richness in 
areas with deer access in early succession. 
Discussion 
I had expected selective foraging by deer on forbs to negatively affect the overall 
abundance of forbs, but I saw no such effect in the early or late successional grasslands. In 
mid-succession, however, I did fmd increased abundances offorbs inside the deer exc1osures, 
suggesting release from herbivory by deer. Cirsium arvense showed a substantial response to 
deer exclosures in my study, with increased abundances inside deer exclosures in all three 
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fields (Fig. 4.4). Kucera (1976) reported that this plant was a preferred forage species for 
white-tailed deer in Manitob~ and Marten et al. (1987) found that the nutritional content of 
C. arvense is comparable or greater to that of Medicago sativa, a high1y nutritious legume. 
This supports the interpretation that higher abundances of C. arvense inside the deer 
exclosures reflected direct release from herbivore pressure that occurred outside the 
exclosures. Anderson et al. (2005) identified Solidago canadensis as an unpreferred species 
which increased in areas oftallgrass prairie accessible to deer. In my study, however, S. 
canadensis increased in abundance areas with and without deer access, with no difference 
attributable to deer (Fig. 4.5). 
Because I had expected lower abundances of forbs in areas with deer access, I also 
expected higher abundances of grasses in those areas. I found no statistically significant 
difference in the overall abundance of grasses in early succession due to deer access, but by 
the last year, the dominant grass (Setaria viridis) was significantly more abundant in plots 
with deer access. Overall, abundance of grasses did follow the expected pattem in mid-
succession, where there was a tendency for higher abundances of perennial grasses (Bromus 
inermis, Festuca arundinacea, and Poa pratensis) in control plots than inside exclosures, but 
not in late succession. Anderson et al. (2001) found very little browsing on grasses by deer 
and, perhaps because the grasses in our oldfields were different from those found in tallgrass 
prairies, their conclusion that foraging habits of deer favor the competitive abilities of grasses 
over forbs did not consistently apply to our grasslands. 
Because many studies have demonstrated negative effects of deer on frequencies and 
abundances ofwoody seedlings (Inouye et al. 1994, Russell et al. 2001, Knapp et al. 2002), I 
expected lower abundances of woody seedlings in plots with deer access than inside the 
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exclosures. Two species of trees, Prunus serofina and Gleditsia triacanfhos, showed strong 
trends with deer access in both our early and late successional grasslands (Fig. 4.3), but the 
pattems were opposite. They occurred in similar frequencies in the two fields, but occurred 
only in plots accessible to deer in early succession and, with only one exception, occurred 
only inside deer exclosures in late succession. These contrasting results indicate no clear 
effect of deer accessibility on tree seedlings in our grasslands, at least over this short time 
scale of 3 years. 
Anderson et al. (2005) reported increased species richness, evenness, and diversity in 
the frrst few years afier deer exclusion in Illinois prairies, and 1 had expected similar pattems 
in these successional old fields. However, deer have also been shown to disperse seeds of 
over 70 species ofherbs, shrubs, and trees (Myers et al. 2004), which may increase species 
richness and diversity in areas with deer activity. 1 found no significant pattem in richness, 
evenness, or diversity associated with deer accessibility, although 1 did find a slight trend for 
higher species richness in areas with deer access in early succession. 1 frequently 
encountered deer pellets in the old fields and deer may have been actively dispersing seeds 
into the old fields, thereby compensating for their consumption of vegetation. Although 1 
noticed no deer paths or other signs of trampling in my sampling plots, such activity could 
affect seedling establishment either positively, by disturbing the ground and opening light 
gaps, or negatively, by crushing seedlings. While many palatable, leguminous species were 
present in the prairies studied by Anderson et al. (2001,2005), the only leguminous species 
in the my plots were Medicago sativa and Trifolium pratense. Deer may therefore have 
foraged less selectively on plants in these old fields. 
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Quantification of seed dispersal and disturbance by deer might contribute 
significantly to understanding the role of deer in these successional grasslands. In addition, 
while this short-term study identified sorne decreases in forb abundances and increases in 
graminoids with deer activity, more extensive and longer term studies probably are needed to 
determine their effect on less abundant forbs and woody plants. 
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Figure 4.1. Mean (± 1 SE) relative abundances of forbs in A) early succession, B) mid-
succession, and C) late succession. Means across 3 replicates in May (M), JuIy (J), and 
September (S). No data were collected in May 2003 for early succession. 
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Figure 4.2. Mean (± 1 SE) relative abundances ofthe dominant grasses (Setaria viridis in 
eárly succession and Festuca arundinacea in mid and late succession) in A) early succession, 
B) mid-succession, and C) late succession. Means across 3 replicates in May (M), July (J), 
and September (S). No data were collected in May 2003 for early succession. 
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Figure 4.3. Means (± 1 SE) for Gleditsia triacanthos in A) early succession and B) late 
succession and for Prunus serotina in C) early succession and D) late succession. Means 
across 3 replicates in May (M)~ July (J)~ and September (S). No data were collected in May 
2003 for early succession. 
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Figure 4.4. Means (± 1 SE) for Cirsium arvense in A) earIy succession, B) mid-succession, 
and C) late succession. Means across 3 replicates in May (M), July (J), and September (S)~ 
No data were collected in May 2003 for earIy succession. 
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Figure 4.5. Means (± 1 SE) for Solidago canadensis in A) early succession, B) mid-
succession, and C) late succession. Means across 3 replicates in May (M), July (J), and 
September (S). No data were collected in May 2003 for early succession. 
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CONCLUSIONS 
101 
1 designed this study to examine the ways in which mammalian herbivores and 
granivores influence the development of old-field grasslands. Here 1 compare the 
mechanisms and contributions ofthe different mammal types to assess the overall effect of 
mammals and to place my results in the context of previous work on mammalian herbivores 
in grasslands. 
1 found no effect of endozoochory by rabbits on plant communities in any 
successional stage. While many plant species did germinate from rabbit fecal pellets, any 
effect of endozoochory appeared overwhelmed by the impact ofherbivory. The low 
importance of seed dispersal by rabbits mimicked results found in westem rangelands 
(Schupp et al. 1997). While studies in European grasslands have shown important 
contributions of endozoochorous dispersal by rabbits to the seed bank (Malo et al. 1995, 
1996; Pakeman et al. 1998a, 1998b), these were annual grasslands with domestic grazers 
(greater disturbance) and higher densities of rabbits. 
Deer may also disperse seeds in their feces (Gill and Beardal12001, Myers et al. 
2004). While red deer (Cervus elaphus) and fallow deer (Dama dama) disperse at least 60 
different species of plants in Europe, studies of seed dispersal by the white-tailed deer 
(Odocoileus virginianus) in the U.S.A. have concluded that herbivory by deer is more 
influential on plant communities than seed dispersal (Ruhren and Handel 2003, Furedi and 
McGraw 2004). Endozoochory by deer was not investigated here, and 1 found no indication 
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of deer endozoochory influencing these plant communities (no decrease in species richness 
or diversity in the absence of deer). 
1 found no clear preference of rodents for large seeds and no effect of rodents on 
large-seeded plants in any stage of succession, not even in early succession, where 1 expected 
granivory to strongly affect recruitment into the plant community. This result contrasted 
with many studies in which granivory by rodents significantIy influenced plant community 
composition. Brown and Heske (1990) and Samson et al. (1992) both reported increases in 
large-seeded annuals when rodents were exc1uded from areas of Chihuahuan desert, 
Hoffinann et al. (1995) reported more seed foraging by rodents on larger seeds in Colorado 
shortgrass steppe, Howe and Brown (1999, 2000) found fewer large-seeded plants in prairie 
plantings with rodent access, and Hulme (1994) identified rodents as major seed consumers 
in grasslands ofthe U.K .. Rodents in my study consumed a wide variety of seeds, so overall 
seed predation distributed across numerous species had little effect on the plant community. 
Reports of little effect of rodent granivory on vegetation ofien refer to greater effects 
ofants or birds. Vasquez et al. (1995) reported little influence ofrodents in the Chilean 
matorral, where ants were the most important seed predator, and birds had intermediate 
influence. Reader and Beisner (1999) found neither rodents nor birds decreased seedling 
emergence in old fields of Ontario, although ants did. A preliminary report from one ant and 
rodent exc1usion study in the Sonoran desert reported that ants and rodents competed for 
seeds of similar sizes, each compensating when the other was removed (Brown and Davidson 
1977). A later paper, however, c1arified that rodent removals resulted in increased 
abundances of large-seeded plants and decreased abundances of small-seeded plants while 
ant removal resulted in the opposite pattem (Davidson et al. 1984). Ant-rodent-seed 
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interactions were a bit more complicated in the Chihuahuan desert, where granivoryby ants 
and rodents had compensatory effects on winter annuals, but notsurnmerannuals(Davidson 
et al. 1985). Harvesting of seeds by ants has not, to my knowledge, been studied in Illinois 
grasslands but seed remo val by·ants could be another mechanism by which plant 
cornmunities are influenced. 
Seed predation may play only a minor role in cornmunity succession and maintenance 
if plants generate primaril y by vegetative means (as S. canadensis does) or if seed losses to 
predation are small re1ative to the seed bank (Hulme 1996). I had assumed that by mid- and 
late succession, when perennial plants were cornmon, recruitment of shoots by rhizomes 
would be more important than seeds. In contrast, I expected that in early succession, seed 
dispersal by rabbits and loss of large seeds to rodents would more heavily influence plant 
recruitment. But I found neither mechanism operating in early succession. In addition, 1 
expected significantly fewer annual plants in areas with access by herbivores and granivores 
in early succession. Batzli and Pitelka (1970) had reported that voles reduced both relative 
abundances of the palatable annual plants and reduced the production of seeds in annual 
grasslands in California, but I saw no response of annual plants to exclusion of any type of 
marnmal. 
Herbivory by each group ofmarnmals showed sorne impact on the plant cornmunity. 
For instance, herbivory in general reduced the abundance ofpalatable forbs which, in tum, 
resulted in higher abundance of unpalatable forbs. This effect was hardly seen in late 
succession, however, due to the few palatable plants in this field that had been exposed to 
herbivory for many years prior to this study. Goldenrod, highly palatable to rabbits in spring, 
had significantly lower abundance on plots with access by rabbits in all fields. In contrast, 
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higher.abundance ofgoldenrodoccurred in plots with rodent access than without,andvoles 
showedthat they foundgoldenrod unpalatable. Two other studies ofvole herbivory-in 
tallgrass prairies found increased goldenrod biomass outside ofvole exclosures (Weis 1975) 
and with higher vole populations (Gibson et al. 1990). Anderson et aL (2005) determined 
that goldenrod was unpalatable to deer, resulting in a positive effect of deer on its growth and 
abundance in tallgrass prairie remnants, but I saw no effect of deer. 
In Mediterranean grasslands of Israel, high vole populations resulted in the 
disappearance oftall annual grasses and one dominant perennial (Hordeumbulbosum), which 
were replaced by unpalatable annual crucifers and thistle (Noy-Meir 1988). While I did 
notice an increase in abundance of Barbarea vulgare (an unpalatable crucifer) in my mid-
successional grassland at high vole densities, high variability among replicates prevented 
statistical significance. 
Three species of palatable plants (chickweed, black nightshade, and witchgrass) that 
germinated from fecal pellets occurred only in plots without rabbits in early succession. 
These plants were all highly palatable to rabbits and unpalatable to voles. In late succession, 
I had trapped only a few rabbits, but 2 unpalatable forbs (wild parsnip and Canada thistle) 
had lower abundance in areas without rabbit access than in areas with access. While rabbit 
herbivory can negatively affect sorne species of thistle, several additional studies indicate 
that rabbits positively affect Canada thistle (Cirsium arvense) by preferentially foraging on 
other species (van Leeuwen 1983, Palmisano and Fox 1997, Edwards et al. 2000). Kucera 
(1976) reported Canada thistle as a preferred forage species for white-tailed deer in 
Manitoba, however, and it increased significantly in abundance inside deer exclosures at all 
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stages ofsuccession .. Weis (1975) found greater biomassofCanada thistle inside,v;ole 
exclosures, butlfoundno effect ofvoles on this plant. 
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Alfalfa (Medicago sativa), a forb with highly palatable seeds and shoots received a 
one-two punch by the rodentsanddeclined more rapidly in themid-'successional·fieldwhere 
exposed to rodents than where protected from them. Neither deer nor rabbits had a 
significant effect on this plant. 
While changes in the overall relative abundance of forbs would necessarily result in 
changes in relative .abundances of graminoids (nearly all plants wereone or the other), 
responses of individual forb species did not always correspond with a change in graminoids. 
In spite of all grasses being at least moderately palatable to rabbits, I found no effect of . 
rabbits on the abundance of graminoids. I had expected no influence ofherbivory on 
graminoids due to their more protected basal meristems, but my results do contrast with those 
ofWatt (1962) and Sumption and Flowerdew (1985), who overall found increased 
abundances of Festuca, Poa, and Dactylis in areas with reduced rabbit access in the United 
Kingdom. Those grasslands, however, had had severe grazing by very high densities of 
rabbits. Plots without deer access, on the other hand, had lower relative abundances of 
Festuca arundinacea in mid-succession than the plots to which deer had access, which 
reflected higher abundance of Canada thistle. With vole exclusion, the overall abundance of 
grasses palatable to voles (Festuca arundinacea, Lolium perenne, Dactylis g/omerata, and 
Bromus inermis) increased in both the mid- and late successional fields. 
Bluegrass (Poa pratensis), which had palatable seeds but relatively unpalatable 
shoots, accounted for increased abundance of palatable-seeded plants with rodent access in 
late succession, probably a response to reduced abundance of palatable graminoids 
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(competitiverelease). 1 found no such effect in mid-successien, however. These results 
contrast with reports of decreased abundances of P. pratensis withM pennsylvanicusin 
grasslands where P. pratensis constituted up to 99% ofthe total standing biomass (Weis 
1975}andintallgrass prairies with high population densities.ofM ,ochrogaster(Gibsonet .al. 
1990). Prairie vales CM ochrogaster) will take large amounts ofbluegrass whenit has high 
availability even though its nutrition cannot sustain them (Cale and Batzli 1979). This 
suggests that vales had fewer high quality food items to chao se from in tallgrassprairie, 
making P. pratensis a more attractive food item for vales there than in my oId fields. Dusi 
(1952) ranked bluegrass as an important food for rabbits, but it scored poorIy in my 
palatability trials, and 1 detected no effect by rabbits. 
1 found no effect of any mammal group on woody seedlings in any successional 
stage, contrary to many published studies that have shown negative effects ofvoles, rabbits, 
and deer on the establishment ofwoody plants in grasslands (see citations in previous 
chapters, particularly Pusenius et al. 2000, Manson et al. 2001). Because 1 rarely 
encountered woody seedlings in my fields, the location and scale of my study appeared 
inappropriate to detect such effects. 
Crawley (1983) suggested that the main effect ofherbivores on diversity ofthe plant 
community would be not through extermination of palatable species (directly affecting 
species richness), but by simply modifying the competitive abilities ofthe plant species. If 
herbivores caused decreased relative abundances of dominant species, this would result in 
higher species evenness, whereas if they foraged on les s common species, evenness of the 
plant community would decrease. In my grasslands, however, individual types of mammals 
had relatively small effects on species richness, evenness, or diversity and onIy in sorne fields 
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(largest effects were evenness and diversity 2x higher without rodent access in mid-
succession in 2004). When 1 analyzed the response ofthe plant communities to all small 
mammals (mice, voles, rabbits), however, substantial differences due to mammal access 
emerged in early and mid-succession. 
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Using RM-ANOVA, 1 compared the plots to which only deer had access (no small 
mammals) and the plots to which all animals had access (false exclosures). 1 found a 
significant response of species richness to exclusion of small mammals, with lower richness 
in exclosures (P=0.075) and a stronger effect (25-45% less) in the last year of data collection 
(treatment X year, P=0.055; Fig. 5.1a). No consistent trend in species evenness occurred in 
response to the treatment (Fig. 5.lb). Overall species diversity remained 23-38% lower in 
the exclosures during the last year ofthe study (treatment X year, P=O.071; Fig. 5.lc). 
In mid-succession, analysis indicated a significant interaction between small animal 
access and season (P=0.006) in species richness (Fig. 5.2a). In spring, richness was higher 
outside the exclosures (due to unpalatable spring annuals, such as Thlaspi arvense) while 
later in the year, the opposite was true. Species evenness was greater inside exclosures but 
this pattem had been present since the start of the experiment and the difference was 
marginally insignificant (P=0.126; Fig. 5.2b). Species diversity responded to overall small 
mammal exclusion in a pattem similar to that for evenness, but the difference between the 
treatments increased over time, resulting in greater diversity in exclosures, although non-
significant (P=0.146; Fig. 5.2c). Although factors ofyear and season were both significant 
(P<O.IO), there were no interactions with treatment (P>0.25). 
In late succession, a significant interaction developed between small mammal access 
and year for species richness (P=0.094; Fig. 5.3a). At the beginning and end ofthe study, 
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more species occurred outside exclosures, but in 2003, more were present inside the 
exclosures. Species evenness also showed a significant treatment X year interaction 
(P=0.089; Fig. 5.3b). In this case, evenness was higher outside the exclosures in 2002, 
showed the opposite pattero in the second year' and no pattero in the third year. Because 
species richness and evenness showed opposite trends, there were no significant differences 
in overall diversity. When looking only at the effect ofrabbits in this grassland, higher plant 
diversity occurred in plots without rabbits, reflecting a trend for higher richness and evenness 
in areas without rabbit herbivory. Thus, the effects ofrodents and rabbits appeared to 
counteract one another in late succession. 
Overall effects of seed consumption and endozoochory appeared quite small and 
generally overshadowed by herbivory. While effects of mammals on individual species of 
plants frequent1y occurred, the overall effect was to increase species diversity by the third 
year of succession, to reduce it by year 6 or 7, but to have little effect by year 15. It is 
possible that exclusion of mammals over longer periods of time would intensify effects and 
lead to more substantial changes in the plant community. 
Although I attempted to investigate influences of herbivores over a longer period by 
using old fields at three stages of succession, still, 1 onIy maintained the experiment for 3 to 
3 1/2 years in each field. In the early successional grassland, differences seemed to be 
emerging, but in the late successional grassland, the "ghosts ofherbivory past" may have left 
a lasting impression. Very low abundances ofhighIy palatable forbs occurred there, some of 
whichjust began to appear inside the exclosures in the last year ofthis study. Perhaps the 
"ghosts" just began to fade. Clearly, a longer study is needed before concluding that 
mammals onIY have transient effects on these grasslands. 
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Figure 5.1. Mean (± 1 SE) for A) species richness, B) species evenness, and C) Gini 
coefficient of diversity comparing plots with access by aH small mammals and no small 
mammals in early succession in July (J), 8eptember (8), and May (M), 2002 to 2005. 
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Figure 5.2. Mean (± 1 SE) for A) species richness, B) species evenness, and C) Gini 
coefficient of diversity comparing plots with access by aH small mammals and no sma11 
mammals in mid-succession in September (S), May (M), and Ju1y (J), 2001 to 2005. 
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Figure 5.3. Mean (± 1 SE) for A) species richness, B) species evenness, and C) Gini 
coefficient of diversity comparing plots with access by aH small mammals and no small 
mammals in late succession in September (S), May (M), and JuIy (J), 2001 to 2005. 
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APPENDIXA. 
Statistical tables for repeated measures ANOV A testing hypotheses·regaiding rabbit access' 
in 1) early succession, 2) mid-succession, and 3) late succession. 
1. Early succession 
Rabbit-dispersed plants 
Between Subjects 
Source ss df MS F p 
TRMT$ 3.130 1 3.130 1. 536 0.·283 
Error 8.148 4 2.037 
Within Subjects 
Source ss df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1.000 1. 000 1. 000 
year*TRMT$ 1. 037 2 0.519 0.080 0.924 0.869 0.924 
Error 51. 852 8 6.481 
Source ss df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
season*TRMT$ 4.148 2 2.074 0.855 0.461 0.413 0.440 
Error 19.407 8 2.426 
Source ss df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1.000 1. 000 1. 000 
year*season 
*TRMT$ 3.852 4 0.963 0.241 0.911 0.814 0.911 
Error 63.926 16 3.995 
Rabbit -dispersed forbs 
Between Subjects 
Source ss df MS F p 
TRMT$ 9.796 1 9.796 0.629 0.472 
Error 62.259 4 15.565 
Within Subjects 
Source ss df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1.000 1. 000 1. 000 
year*TRMT$ 1. 926 2 0.963 0.342 0.720 0.672 0.720 
Error 22.519 8 2.815 
Source ss df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1.000 1. 000 1. 000 
season*TRMT$ 2.815 2 1. 407 0.847 0.464 0.414 0.441 
Error 13.296 8 1. 662 
Source ss df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1.000 1. 000 1. 000 
year*season 
*TRMT$ 2.963 4 0.741 0.383 0.817 0.633 0.740 
Error 30.926 16 1.933 
Rabbit -dispersed graminoids 
Between Subjects 
Source SS df MS F p 
TRMT$ 2.250 1 2.250 0.220 0.663 
Error 40.833 4 10.208 
Within Subjects 
Source ss df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1.000 1. 000 1. 000 
year*TRMT$ 2.167 2 1. 083 0.164 0.852 0.815 0.852 
Error 53.000 8 6.625 
Source ss df MS F P G-G H-F 
season 0.000 1 0.000 0.000 1.000 
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season*TRMT$ 0.250 1 0.250 0.857 0.407 
Error 1.167 4 0.292 
Source SS df MS F P G-G H-F 
year*season 0.000 2 0.000 0.000 1.000 1.000 1.000 
year*season 
*TRMT$ 0.167 2 0.083 0.143 0.869 0.739 0.814 
Error 4.667 8 0.583 
Annual plants 
Between Subjects 
Source SS df MS F p 
TRMT$ 0.296 1 0.296 0.049 0.836 
Error 24.148 4 6.037 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1.000 1. 000 1.000 
year*TRMT$ 14.926 2 7.463 1. 494 0.281 0.286 0.281 
Error 39.963 8 4.995 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1.000 1.000 1.000 
season*TRMT$ 3.370 2 1. 685 0.636 0.554 0.499 0.554 
Error 21.185 8 2.648 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1.000 1.000 1.000 
year*season 
*TRMT$ 4.074 4 1. 019 0.417 0.794 0.678 0.794 
Error 39.037 16 2.440 
Small .. seeded plants 
Between Subjects 
Source SS df MS F p 
TRMT$ 5.352 1 5.352 0.511 0.514 
Error 41. 926 4 10.481 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1.000 1.000 1.000 
year*TRMT$ 4.593 2 2.296 0.360 0.708 0.607 0.683 
Error 50.963 8 6.370 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1.000 1.000 1.000 
season*TRMT$ 0.593 2 0.296 0.264 0.774 0.705 0.774 
Error 8.963 8 1.120 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1.000 1. 000 1.000 
year*season 
*TRMT$ 13.630 4 3.407 1. 732 0.192 0.242 0.192 
Error 31. 481 16 1.968 
Small-seeded graminoids (summers, falls only) 
Between Subjects 
Source SS df MS F p 
TRMT$ 13.444 1 13.444 1. 360 0.308 
Error 39.556 4 9.889 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1.000 1.000 1.000 
year*TRMT$ 5.556 2 2.778 0.563 0.590 0.527 0.590 
Error 39.444 8 4.931 
Source SS df MS F P G-G H-F 
season 0.000 1 0.000 0.000 1.000 
season*TRMT$ 1.778 1 1. 778 8.000 0.047 
Error 0.889 4 0.222 
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Source ss df MS F P G:-G H-F 
year*season 0.000 2 0.000 0.000 1.000 1. 000 1. 000 
year*season 
*TRMT$ 0.222 2 0.111 0.216 0.810 0.787 0.810 
Error 4.111 8 O .5l4 
Small-seeded forbs 
Between Subjects 
Source SS df MS F p 
TRMT$ 0.019 1 0.019 0.002 0.970 
Error 45.926 4 11.481 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*TRMT$ 3.704 2 1.852 0.519 0.614 0.546 0.614 
Error 28.519 8 3.565 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
season*TRMT$ 3.704 2 1. 852 0.465 0.644 0.562 0.633 
Error 31. 852 8 3.981 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1.000 1. 000 1.000 
year*season 
*TRMT$ 4.741 4 1.185 0.486 0.746 0.591 0.696 
Error 39.037 16 2.440 
Small-seeded annuals 
Between Subjects 
Source SS df MS F p 
TRMT$ 6.000 1 6.000 2.455 0.192 
Error 9.778 4 2.444 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*TRMT$ 12.111 2 6.056 1. 098 0.379 0.372 0.379 
Error 44.111 8 5.514 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1.000 1. 000 1. 000 
season*TRMT$ 0.111 2 0.056 0.014 0.987 0.981 0.987 
Error 32.778 8 4.097 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1.000 1.000 1. 000 
year*season 
*TRMT$ 9.778 4 2.444 1. 751 0.188 0.223 0.188 
Error 22.333 16 1.396 
Unpalatable plants 
Between Subjects 
Source SS df MS F p 
TRMT$ 14.519 1 l4.519 1. 709 0.261 
Error 33.981 4 8.495 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*TRMT$ 0.037 2 0.019 0.025 0.976 0.973 0.976 
Error 5.963 8 0.745 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
season*TRMT$ 0.704 2 0.352 0.386 0.692 0.631 0.692 
Error 7.296 8 0.912 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1.000 1.000 1. 000 
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year*season 
*TRMT$ 1. 407 4 0.352 0.303 0.872 0.748 0.872 
Error 18.593 16 1.162 
Palatable plants 
Between Subjects 
Source SS df MS F p 
TRMT$ 3.130 1 3.130 0.431 0.547 
Error 29.037 4 7.259 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*TRMT$ 4.593 2 2.296 0.377 0.698 0.669 0.698 
Error 48.741 8 6.093 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
season*TRMT$ 1. 037 2 0.519 0.500 0.624 0.549 0.619 
Error 8.296 8 1. 037 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1. 000 1. 000 1. 000 
year*season 
*TRMT$ 6.074 4 1. 519 0.429 0.785 0.698 0.785 
Error 56.593 16 3.537 
PalatabIe forbs 
Between Subjects 
Source SS df MS F p 
TRMT$ 4.167 1 4.167 0.393 0.565 
Error 42.444 4 10.611 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*TRMT$ 0.444 2 0.222 0.056 0.946 0.904 0.946 
Error 31. 778 8 3.972 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
season*TRMT$ 0.444 2 0.222 0.096 0.909 0.787 0.859 
Error 18.444 8 2.306 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1. 000 1. 000 1. 000 
year*season 
*TRMT$ 11.111 4 2.778 0.913 0.480 0.453 0.480 
Error 48.667 16 3.042 
PalatabIe graminoids (summers and falIs only) 
Between Subjects 
Source SS df MS F p 
TRMT$ 9.000 1 9.000 0.850 0.409 
Error 42.333 4 10.583 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1.000 1. 000 1. 000 
year*TRMT$ 4.667 2 2.333 0.410 0.677 0.655 0.677 
Error 45.500 8 5.687 
Source SS df MS F P G-G H-F 
season 0.000 1 0.000 0.000 1. 000 
season*TRMT$ 0.444 1 0.444 3.200 0.148 
Error 0.556 4 0.139 
Source SS df MS F P G-G H-F 
year*season 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*season 
*TRMT$ 0.222 2 0.111 0.696 0.527 0.464 0.505 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
120 
Error 1. 278 8 0.160 
Species richness 
Between Subjects 
Source SS df MS F p 
*RABBITACCES$ 1.500 1 1. 500 0.192 0.684 
Error 31. 259 4 7.815 
Within Subjects 
Source SS df MS F P G-G H-F 
year 81. 037 2 40.519 12.432 0.004 0.016 0.004 
year*RABBITACCES$ 1. 778 2 0.889 0.273 0.768 0.669 0.760 
Error 26.074 8 3.259 
Source SS df MS F P G-G H-F 
season 105.037 2 52.519 64.455 0.000 0.000 0.000 
season*RABBITACCES$ 17.333 2 8.667 10.636 0.006 0.008 0.006 
Error 6.519 8 0.815 
Source SS df MS F P G-G H-F 
year*season 75.741 4 18.935 8.381 0.001 0.009 0.001 
year*season* 
RABBITACCES$ 5.889 4 1.472 0.652 0.634 0.555 0.634 
Error 36.148 16 2.259 
Species evenness 
Between Subjects 
Source SS df MS F p 
RABBITACCES$ 0.014 1 0.014 2.098 0.221 
Error 0.027 4 0.007 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.033 2 0.017 1.853 0.218 0.244 0.233 
year*RABBITACCES$ 0.018 2 0.009 1.011 0.406 0.375 0.392 
Error 0.071 8 0.009 
Source SS df MS F P G-G H-F 
season 0.171 2 0.085 14 .256 0.002 0.010 0.002 
season*RABBITACCES$ 0.055 2 0.027 4.586 0.047 0.079 0.047 
Error 0.048 8 0.006 
Source SS df MS F P G-G H-F 
year*season 0.091 4 0.023 2.972 0.052 0.123 0.063 
year*season* 
RABBITACCES$ 0.014 4 0.004 0.471 0.757 0.612 0.732 
Error 0.122 16 0.008 
Gini diversity 
Between Subjects 
Source SS df MS F p 
RABBITACCES$ 0.014 1 0.014 0.613 0.477 
Error 0.090 4 0.022 
Within Subjects 
SOurce SS df MS F P G-G H-F 
year 0.140 2 0.070 2.562 0.138 0.145 0.138 
year*RABBITACCES$ 1. 018 2 0.009 0.325 0.732 0.7l6 0.732 
Error 0.218 8 0.027 
Source SS df MS F P G-G H-F 
season 0.023 2 0.012 1. 989 0.199 0.216 0.199 
season*RABBITACCES$ 0.015 2 0.007 1. 264 0.333 0.331 0.333 
Error 0.047 8 0.006 
Source SS df MS F P G-G H-F 
year*season 0.383 4 0.096 26.261 0.000 0.000 0.000 
year*season* 
RABBITACCES$ 0.019 4 0.005 1.292 0.315 0.326 0.315 
Error 0.058 16 0.004 
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2. Mid-succession. 
Rabbit-dispersed plants 
Between Subjects 
Source ss df MS F p 
TRMT$ 10.667 1 10.667 0.685 0.454 
Error 62.278 4 15.569 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*TRMT$ 3.000 2 1. 500 2.227 0.170 0.172 0.170 
Error 5.389 8 0.674 
Greenhouse-Geisser Epsilon: 0.9820 
Huynh-Feldt Epsilon 1.0000 
Source ss df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
season*TRMT$ 16.333 2 8.167 3.079 0.102 0.123 0.102 
Error 21.222 8 2.653 
Greenhouse-Geisser Epsilon: 0.7698 
Huynh-Feldt Epsilon 1.0000 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1. 000 1. 000 1.000 
year*season 
*TRMT$ 0.667 4 0.167 0.088 0.985 0.848 0.938 
Error 30.444 16 1.903 
Rabbit-dispersed forbs 
Between Subjects 
Source ss df MS F p 
TRMT$ 8.963 1 8.963 2.308 0.203 
Error 15.537 4 3.884 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*TRMT$ 6.704 2 3.352 1.135 0.368 0.364 0.368 
Error 23.630 8 2.954 
Source ss df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1. 000 1.000 
season*TRMT$ 26.926 2 13.463 5.193 0.036 0.061 0.036 
Error 20.741 8 2.593 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1. 000 1. 000 1. 000 
year*season 
*TRMT$ 4.407 4 1.102 0.689 0.610 0.507 0.586 
Error 25.593 16 1. 600 
Rabbit-dispersed graminoids 
Between Subjects 
Source SS df MS F p 
TRMT$ 16.667 1 16.667 1.129 0.348 
Error 59.056 4 14.764 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*TRMT$ 0.778 2 0.389 0.467 0.643 0.548 0.607 
Error 6.667 8 0.833 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
season*TRMT$ 1. 444 2 0.722 0.413 0.675 0.583 0.655 
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Error 14.000 8 1. 750 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1. 000 1. 000 1. 000 
year*season 
*TRMT$ 0.444 4 0.111 0.132 0.968 0.860 0.968 
Error 13.444 16 0.840 
Annual plants 
Between Subjects 
Source SS df MS F p 
TRMT$ 26.741 1 26.741 6.959 0.058 
Error 15.370 4 3.843 
Within Subjects 
Source SS df MS F P G-G H-F 
YEAR 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
YEAR*TRMT$ 3.815 2 1. 907 0.408 0.678 0.602 0.678 
Error 37.407 8 4.676 
Source SS df MS F P G-G H-F 
SEASON 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
SEASON*TRMT$ 0.926 2 0.463 0.145 0.867 0.763 0.854 
Error 25.463 8 3.183 
Source SS df MS F P G-G H-F 
YEAR*SEASON 0.000 4 0.000 0.000 1. 000 1. 000 1. 000 
YEAR*SEASON 
*TRMT$ 9.852 4 2.463 3.304 0.037 0.101 0.040 
Error 11.926 16 0.745 
Small-seeded plants 
Between Subjects 
Source SS df MS F p 
TRMT$ 17.796 1 17.796 1.129 0.348 
Error 63.037 4 15.759 
Within Subjects 
Source SS df MS F P G-G H-F 
YEAR 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
YEAR*TRMT$ 7.259 2 3.630 2.063 0.189 0.208 0.189 
Error 14 . 074 8 1. 759 
Source SS df MS F P G-G H-F 
SEASON 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
SEASON*TRMT$ 4.593 2 2.296 0.625 0.560 0.490 0.539 
Error 29.407 8 3.676 
Source SS df MS F P G-G H-F 
YEAR*SEASON 0.000 4 0.000 0.000 1.000 1. 000 1. 000 
YEAR*SEASON 
*TRMT$ 1.185 4 0.296 0.235 0.914 0.851 0.914 
Error 20.148 16 1. 259 
Small-seeded graminoids 
Between Subjects 
Source SS df MS F p 
TRMT$ 25.352 1 25.352 1.052 0.363 
Error 96.370 4 24.093 
Within Subjects 
Source SS df MS F P G-G H-F 
YEAR 0.000 2 0.000 0.000 1. 000 1. 000 1.000 
YEAR*TRMT$ 7.704 2 3.852 2.552 0.139 0.147 0.139 
Error 12.074 8 1. 509 
Source SS df MS F P G-G H-F 
SEASON 0.000 2 0.000 0.000 1. 000 1. 000 1.000 
SEASON*TRMT$ 0.593 2 0.296 0.278 0.764 0.726 0.764 
Error 8.519 8 1. 065 
Source SS df MS F P G-G H-F 
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YEAR*SEASON 0.000 4 0.000 0.000 1. 000 1. 000 1.000 
YEAR*SEASON 
*TRMT$ 1.185 4 0.296 0.831 0.525 0.47l 0.525 
Error 5.704 16 0.356 
Small-seeded forbs 
Between Subjects 
Source SS df MS F p 
TRMT$ 2.241 1 2.241 0.264 0.634 
Error 33.926 4 8.481 
Within Subjects 
Source SS df MS F P G-G H-F 
YEAR 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
YEAR*TRMT$ 5.481 2 2.741 0.343 0.7l9 0.654 0.7l9 
Error 63.852 8 7.981 
Source SS df MS F P G-G H-F 
SEASON 0.000 2 0.000 0.000 1. 000 1. 000 1.000 
SEASON*TRMT$ 2.370 2 1.185 0.921 0.437 0.406 0.435 
Error 10.296 8 1. 287 
Source SS df MS F P G-G H-F 
YEAR*SEASON 0.000 4 0.000 0.000 1. 000 1. 000 1. 000 
YEAR*SEASON 
*TRMT$ 3.407 4 0.852 0.379 0.820 0.689 0.820 
Error 35.926 16 2.245 
Unpalatable plants 
Between Subjects 
Source SS df MS F p 
TRMT$ 2.667 1 2.667 0.187 0.688 
Error 57.111 4 14.278 
Within Subjects 
Source SS df MS F P G-G H-F 
YEAR 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
YEAR* TRMT $ 0.111 2 0.056 0.008 0.992 0.958 0.990 
Error 55.111 8 6.889 
Source SS df MS F P G-G H-F 
SEASON 0.000 2 0.000 0.000 1.000 1. 000 1.000 
SEASON*TRMT$ 1. 444 2 0.722 1. 209 0.348 0.340 0.348 
Error 4.778 8 0.597 
Source SS df MS F P G-G H-F 
YEAR*SEASON 0.000 4 0.000 0.000 1. 000 1. 000 1. 000 
YEAR*SEASON 
*TRMT$ 3.778 4 0.944 1.511 0.246 0.285 0.272 
Error 10.000 16 0.625 
Palatable plants 
Between Subjects 
Source SS df MS F p 
TRMT$ 13.500 1 13.500 0.593 0.484 
Error 91.111 4 22.778 
Within Subjects 
Source SS df MS F P G-G H-F 
YEAR 0.000 2 0.000 0.000 1. 000 1.000 1. 000 
YEAR*TRMT$ 0.444 2 0.222 0.082 0.922 0.799 0.867 
Error 21. 778 8 2.722 
Source SS df MS F P G-G H-F 
SEASON 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
SEASON*TRMT$ 0.444 2 0.222 0.136 0.875 0.850 0.875 
Error 13.111 8 1.639 
Source SS df MS F P G-G H-F 
YEAR*SEASON 0.000 4 0.000 0.000 1.000 1. 000 1.000 
YEAR*SEASON 
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*TRMT$ 0.444 4 0.111 0.107 0.978 0.848 0.947 
Error 16.667 16 1. 042 
Palatable forbs 
Between Subjects 
Source SS df MS F p 
TRMT$ 13 .500 1 13.500 0.593 0.484 
Error 91.111 4 22.778 
Within Subjects 
Source SS df MS F P G-G H-F 
YEAR 0.000 2 0.000 0.000 1. 000 1.000 1.000 
YEAR*TRMT$ 0.444 2 0.222 0.082 0.922 0.799 0.867 
Error 21.778 8 2.722 
Source SS df MS F P G-G H-F 
SEASON 0.000 2 0.000 0.000 1.000 1.000 1. 000 
SEASON*TRMT$ 0.444 2 0.222 0.136 0.875 0.850 0.875 
Error 13.111 8 1. 639 
Source SS df MS F P G-G H-F 
YEAR*SEASON 0.000 4 0.000 0.000 1.000 1. 000 1.000 
YEAR*SEASON 
*TRMT$ 0.444 4 0.111 0.107 0.978 0.848 0.947 
Error 16.667 16 1. 042 
Non-native graminoids 
Between Subjects 
Source SS df MS F p 
TRMT$ 22.685 1 22.685 0.894 0.398 
Error 101.481 4 25.370 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1.000 1.000 1. 000 
year*TRMT$ 7.259 2 3.630 3.087 0.102 0.128 0.102 
Error 9.407 8 1.176 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1.000 1.000 1. 000 
season*TRMT$ 1. 037 2 0.519 0.544 0.601 0.588 0.601 
Error 7.630 8 0.954 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1. 000 1. 000 1.000 
year*season 
*TRMT$ 1.185 4 0.296 0.696 0.606 0.532 0.606 
Error 6.815 16 0.426 
Species richness 
Between Subjects 
Source SS df MS F p 
RABBITACCES$ 8.167 1 8.167 4.240 0.109 
Error 7.704 4 1. 926 
Within Subjects 
Source SS df MS F P G-G H-F 
year 83.815 2 41. 907 7.242 0.016 0.052 0.032 
year*RABBITACCES$ 0.111 2 0.056 0.010 0.990 0.932 0.970 
Error 46.296 8 5.787 
Source SS df MS F P G-G H-F 
sea son 70.037 2 35.019 51. 808 0.000 0.000 0.000 
season*RABBITACCES$ 10.111 2 5.056 7.479 0.015 0.019 0.015 
Error 5.407 8 0.676 
Source SS df MS F P G-G H-F 
year*season 33.074 4 8.269 6.034 0.004 0.027 0.004 
year*season* 
RABBITACCES$ 4.111 4 1. 028 0.750 0.572 0.499 0.572 
Error 21.926 16 1. 370 
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Species eveness 
Between Subjects 
Source ss df MS F p 
RABBITACCES$ 0.180 1 0.180 3.216 0.147 
Error 0.224 4 0.056 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.056 2 0.028 1.925 0.208 0.220 0.208 
year*RABBITACCES$ 0.021 2 0.011 0.740 0.507 0.485 0.507 
Error 0.116 8 0.015 
Source SS df MS F P G-G H-F 
season 0.084 2 0.042 6.506 0.021 0.057 0.034 
season*RABBITACCES$ 0.000 2 0.000 0.029 0.971 0.889 0.945 
Error 0.052 8 0.006 
Source SS df MS F P G-G H-F 
year*season 0.022 4 0.005 0.390 0.812 0.631 0.738 
year*season* 
RABBITACCES$ 0.020 4 0.005 0.352 0.839 0.653 0.764 
Error 0.223 16 0.014 
Gini diversity 
Between Subjects 
Source SS df MS F p 
RABBITACCES$ 0.091 1 0.091 1. 044 0.365 
Error 0.348 4 0.087 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.774 2 0.387 7.734 0.014 0.045 0.025 
year*RABBITACCES$ 0.003 2 0.002 0.032 0.968 0.882 0.939 
Error 0.400 8 0.050 
Source SS df MS F P G-G H-F 
season 0.087 2 0.044 6.795 0.019 0.026 0.019 
season*RABBITACCES$ 0.009 2 0.004 0.696 0.527 0.510 0.527 
Error 0.052 8 0.006 
Source SS df MS F P G-G H-F 
year*season 0.110 4 0.027 3.040 0.048 0.097 0.048 
year*season* 
RABBITACCES$ 0.026 4 0.007 0.735 0.581 0.518 0.581 
Error 0.144 16 0.009 
3. Late succession. 
Rabbit-dispersed plants (2002, 2003 only) 
Between Subjects 
Source ss df MS F p 
TRMT$ 0.000 1 0.000 2.236 0.209 
Error 0.000 4 0.000 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 1 0.000 0.235 0.653 
year*TRMT$ 0.000 1 0.000 0.174 0.698 
Error 0.000 4 0.000 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 5.388 0.033 0.055 0.033 
season*TRMT$ 0.000 2 0.000 2.117 0.183 0.204 0.183 
Error 0.000 8 0.000 
Source SS df MS F P G-G H-F 
year*season 0.000 2 0.000 0.276 0.766 0.637 0.704 
year*season 
*TRMT$ 0.000 2 0.000 0.351 0.714 0.595 0.656 
Error 0.000 8 0.000 
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Rabbit-dispersed forbs (2002 only) 
Between Subjects 
Source ss df MS F p 
TRMT$ 0.000 1 0.000 0.003 0.957 
Error 0.000 4 0.000 
Within Subjects 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 1. 447 0.291 0.294 0.291 
season*TRMT$ 0.000 2 0.000 0.527 0.610 0.581 0.610 
Error 0.000 8 0.000 
Rabbit-dispersed graminoids (springs only) 
Between Subjects 
Source SS df MS F p 
TRMT$ 0.000 1 0.000 2.236 0.209 
Error 0.000 4 0.000 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 1 0.000 0.235 0.653 
year*TRMT$ 0.000 1 0.000 0.174 0.698 
Error 0.000 4 0.000 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 5.388 0.033 0.055 0.033 
season*TRMT$ 0.000 2 0.000 2.117 0.183 0.204 0.183 
Error 0.000 8 0.000 
Source SS df MS F P G-G H-F 
year*season 0.000 2 0.000 0.276 0.766 0.637 0.704 
year*season 
*TRMT$ 0.000 2 0.000 0.351 0.714 0.595 0.656 
Error 0.000 8 0.000 
Annual plants 
Between Subjects 
Source SS df MS F p 
TRMT$ 18.963 1 18.963 0.636 0.470 
Error 119.259 4 29.815 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*TRMT$ 0.481 2 0.241 0.323 0.733 0.622 0.696 
Error 5.963 8 0.745 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
season*TRMT$ 0.481 2 0.241 0.584 0.580 0.578 0.580 
Error 3.296 8 0.412 
Source ss df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1. 000 1.000 1. 000 
year*season 
*TRMT$ 1. 407 4 0.352 0.788 0.550 0.465 0.525 
Error 7.148 16 0.447 
Small-seeded plants 
Between Subjects 
Source SS df MS F p 
TRMT$ 4.167 1 4.167 0.178 0.695 
Error 93.556 4 23.389 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*TRMT$ 3.111 2 1. 556 0.747 0.504 0.468 0.504 
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Error 16.667 8 2.083 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1.000 1.000 1.000 
season*TRMT$ 1.333 2 0.667 0.387 0.691 0.618 0.691 
Error 13.778 8 1. 722 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1.000 1.000 1. 000 
year*season 
*TRMT$ 10.222 4 2.556 2.788 0.062 0.119 0.062 
Error 14.667 16 0.917 
Small-seeded graminoids 
Between Subjects 
Source SS df MS F p 
TRMT$ 53.778 1 53.778 5.939 0.071 
Error 36.222 4 9.056 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 1 0.000 0.000 1.000 
year*TRMT$ 2.778 1 2.778 2.273 0.206 
Error 4.889 4 1.222 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1.000 1. 000 
season*TRMT$ 0.222 2 0.111 0.235 0.796 0.696 0.790 
Error 3.778 8 0.472 
Source SS df MS F P G-G H-F 
year*season 0.000 2 0.000 0.000 1.000 1.000 1.000 
year*season 
*TRMT$ 0.222 2 0.111 0.286 0.759 0.635 0.704 
Error 3.111 8 0.389 
Small-seeded forbs 
Between Subjects 
Source SS df MS F p 
TRMT$ 104.167 1 104.167 11.029 0.029 
Error 37.778 4 9.444 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1.000 
year*TRMT$ 1.333 2 0.667 1.263 0.334 0.333 0.334 
Error 4.222 8 0.528 
SOl:lrce SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1.000 1.000 1.000 
season*TRMT$ 0.444 2 0.222 0.400 0.683 0.584 0.654 
Error 4.444 8 0.556 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1.000 1.000 1. 000 
year*season 
*TRMT$ 0.889 4 0.222 0.842 0.519 0.463 0.519 
Err:or 4.222 16 0.264 
Non-native forbs 
Between Subjects 
Source SS df MS F p 
TRMT$ 68.907 1 68.907 18.063 0.013 
Error 15.259 4 3.815 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1.000 1. 000 1. 000 
year*TRMT$ 0.148 2 0.074 0.014 0.986 0.930 0.974 
Error 42.519 8 5.315 
Source SS df MS F P G-G H-F 
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season 0.000 2 0.000 0.000 1. 000 1.000 1.000 
season*TRMT$ 1. 037 2 0.519 0.378 0.697 0.618 0.697 
Error 10.963 8 1. 370 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1. 000 1.000 1.000 
year*season 
*TRMT$ 4.741 4 1.185 1. 362 0.291 0.311 0.292 
Error 13.926 16 0.870 
Unpalatable plants 
Between Subjects 
Source SS df MS F p 
TRMT$ 18.963 1 18.963 0.638 0.469 
Error 118.815 4 29.704 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1.000 1.000 1.000 
year*TRMT$ 0.481 2 0.241 0.249 0.786 0.684 0.774 
Error 7.741 8 0.968 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1.000 1.000 1.000 
season*TRMT$ 0.481 2 0.241 0.800 0.482 0.472 0.482 
Error 2.407 8 0.301 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1. 000 1.000 1.000 
year*season 
*TRMT$ 1. 407 4 0.352 0.840 0.520 0.439 0.483 
Error 6.704 16 0.419 
Palatable plants 
Between Subjects 
Source SS df MS F p 
TRMT$ 0.667 1 0.667 0.036 0.859 
Error 74.778 4 18.694 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1.000 1.000 1.000 
year*TRMT$ 3.000 2 1.500 1.831 0.222 0.239 0.222 
Error 6.556 8 0.819 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1.000 1.000 1. 000 
season*TRMT$ 0.778 2 0.389 0.118 0.890 0.800 0.890 
Error 26.278 8 3.285 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1.000 1.000 1.000 
year*season 
*TRMT$ 0.889 4 0.222 0.169 0.951 0.874 0.951 
Error 21. 056 16 1. 316 
Palatable graminoids (only springs) 
Between Subjects 
Source SS df MS F p 
TRMT$ 10.889 1 10.889 4.455 0.102 
Error 9.778 4 2.444 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1.000 1. 000 1.000 
year*TRMT$ 3.444 2 1. 722 0.867 0.456 0.422 0.456 
Error 15.889 8 1. 986 
Palatable forbs 
Between Subjects 
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Source ss df MS F p 
TRMT$ 0.019 1 0.019 0.001 0.978 
Error 85.037 4 21. 259 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1.000 1.000 
year*TRMT$ 1.037 2 0.519 0.586 0.579 0.497 0.543 
Error 7.074 8 0.884 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1.000 1.000 1.000 
season*TRMT$ 0.148 2 0.074 0.036 0.965 0.888 0.951 
Error 16.463 8 2.058 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1.000 1.000 1.000 
year*season 
*TRMT$ 2.963 4 0.741 1.008 0.432 0.400 0.430 
Error 11. 759 16 0.735 
Woody seedlings 
Between Subjects 
Source SS df MS F p 
TRMT$ 0.167 1 0.167 0.008 0.934 
Error 84.556 4 21.139 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1.000 1. 000 1. 000 
year*TRMT$ 0.444 2 0.222 0.119 0.890 0.799 0.890 
Error 15.000 8 1. 875 
Source SS df MS F P G-G H-F 
sea son 0.000 2 0.000 0.000 1. 000 1. 000 1.000 
season*TRMT$ 0.444 2 0.222 0.115 0.893 0.761 0.830 
Error 15.500 8 1.938 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1. 000 1. 000 1.000 
year*season 
*TRMT$ 1. 778 4 0.444 0.564 0.692 0.535 0.610 
Error 12.611 16 0.788 
Species richness 
Between Subjects 
Source SS df MS F p 
RABBITACCES$ 2.241 1 2.241 0.095 0.773 
Error 93.926 4 23.481 
Within Subjects 
Source SS df MS F P G-G H-F 
year 11.444 2 5.722 2.664 0.130 0.158 0.130 
year*RABBITACCES$ 3.370 2 1.685 0.784 0.489 0.455 0.489 
Error 17.185 8 2.148 
Source SS df MS F P G-G H-F 
season 16.444 2 8.222 8.621 0.010 0.035 0.016 
season*RABBITACCES$ 0.593 2 0.296 0.311 0.741 0.632 0.709 
Error 7.630 8 0.954 
Source SS df MS F P G-G H-F 
year*season 2.111 4 0.528 0.708 0.598 0.487 0.552 
year*season* 
RABBITACCES$ 0.630 4 0.157 0.211 0.928 0.750 0.866 
Error 11. 926 16 0.745 
Species evenness 
Between Subjects 
Source SS df MS F P 
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RABBITACCES$ 0.354 1 0.354 2.605 0.182 
Error 0.544 4 0.136 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.003 2 0.002 0.114 0.894 0.835 0.894 
year*RABBITACCES$ 0.011 2 0.005 0.407 0.678 0.623 0.678 
Error 0.105 8 0.013 
Source SS df MS F P G-G H-F 
season 0.016 2 0.008 2.046 0.192 0.211 0.192 
season*RABBITACCES$ 0.012 2 0.006 1. 608 0.259 0.269 0.259 
Error 0.031 8 0.004 
Source SS df MS F P G-G H-F 
year*season 0.065 4 0.016 3.065 0.047 0.139 0.100 
year*season* 
RABBITACCES$ 0.024 4 0.006 1.114 0.384 0.360 0.375 
Error 0.085 16 0.005 
Gini diversity 
Between Subjects 
Source SS df MS F p 
RABBITACCES$ 0.150 1 0.150 4.803 0.094 
Error 0.125 4 0.031 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.012 2 0.006 0.916 0.438 0.433 0.438 
year*RABBITACCES$ 0.011 2 0.006 0.843 0.465 0.458 0.465 
Error 0.053 8 0.007 
Source SS df MS F P G-G H-F 
season 0.007 2 0.003 0.576 0.584 0.579 0.584 
season*RABBITACCES$ 0.009 2 0.004 0.757 0.500 0.496 0.500 
Error 0.046 8 0.006 
Source SS df MS F P G-G H-F 
year*season 0.045 4 0.011 5.092 0.008 0.032 0.008 
year*season* 
RABBITACCES$ 0.012 4 0.003 1. 343 0.297 0.313 0.297 
Error 0.035 16 0.002 
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APPENDIXB. 
Statistical values of Mann-Whitney analyses of individual plant species' response to rabbit 
access, in the season ofthe plants' highest abundance, in 1) early succession, 2) mid-
succession, and 3) late succession. n¡=3, n2=6 for aH. 
1. Early succession 
2002 U-statistic P-value 
Oxalis corniculata summer 6.0 0.396 
Medicago sativa summer 9.0 1.000 
Chamaesyce maculata summer 4.5 0.225 
Echinochloa crus-galli summer 12.0 0.418 
Mollugo verticillata summer 8.0 0.724 
Abutilon theophrasti summer 13.5 0.167 
Setaria italica summer 11.0 0.606 
Polygonum persicaria summer 10.0 0.796 
Sida spinosa summer 4.0 0.195 
Amaranthus retroflexus fal! 11.0 0.606 
Digitaria sanguinalis fal! 11.0 0.606 
Panicum capilla re fal! 4.0 0.189 
2003 
Medicago sativa spring 10.0 0.796 
Polygonum persicaria spring 9.0 1.000 
Oxalis corniculata spring 7.0 0.599 
Capsella bursa-pastoris spring 9.0 1.000 
Conyza canadensis summer 11.0 0.606 
Sida spinosa fal! 4.0 0.181 
Setaria italica fal! 5.0 0.302 
2004 
Medicago sativa spring 9.0 1.000 
Geum cana dense spring 9.0 1.000 
Polygonum persicaria spring 7.0 0.606 
Oxalis corniculata spring 13.0 0.302 
Cirsium arvense spring 5.0 0.294 
Abutilon theophrasti summer 17.5 0.026 
Conyza canadensis summer 10.0 0.786 
Sida spinosa summer 10.5 0.696 
Digitaria sanguinalis fal! 8.0 0.796 
Panicum capillare fal! 6.0 0.396 
Solidago canadensis fal! 3.0 0.118 
Sataria ita/iea fall 12.0 0.439 
2. Mid-succession 
2002 U-statistic P-value 
Geum canadense spring 13 0.281 
Dactylis glomerata spring 9.5 0.897 
Galium asprellum spring 7.5 0.696 
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Festuca e/atior spring 13 0.302 
E/ymus canadensis spring 12 0.396 
Taraxacum officinale spring 12 0.439 
Rumex crispus spring 11.5 0.502 
Bromus japonicus summer 6.5 0.5 
Cirsium arvense summer 10 0.759 
Medicago sativa summer 14 0.197 
Aster ericoides fal! 12 0.439 
Solídago canadensis fal! 3 0.121 
2003 
Geum canadense spring 8 0.777 
Taraxacum officinale spring 12 0.439 
Galíum asprellum spring 4 0.197 
Dactylís g/omerata spring 12 0.439 
Medicago sativa spring 16 0.071 
Cirsium arvense spring 13.5 0.243 
Festuca e/atior spring 8 0.796 
Rumex crispus spring 7 0.599 
Th/aspi arvense spring 5 0.3 
Bromus japonicus summer 6 0.396 
Solídago canadensis summer 3 0.121 
Poa pratensis summer 6.5 0.5 
Aster ericoides fal! 12 0.439 
2004 
Festuca e/atior spring 13 0.302 
Galíum asprellum spring 7.5 0.686 
Rumex crispus spring 11.5 0.51 
Poa pratensis spring 7 0.572 
Medicago sativa spring 9 1 
Th/aspi arvense spring 1 0.036 
Taraxacum officina/e spring 10 0.796 
Dactylís g/omerata spring 13 0.302 
Solidago canadensis summer 5 0.302 
Aster ericoides fal! 13 0.302 
Cirsium arvense fal! 4 0.195 
3. Late succession 
2002 U-statistic P-value 
Galium asprellum spring 12 0.423 
Festuca e/atior spring 11 0.606· 
Barbarea vu/garis spring 9 1 
Pastinaca sativa spring 9 1 
Poa pratensis spring 4 0.195 
Cirsium arvense summer 6 0.439 
Bromus inermis fal! 12 0.439 
So/anum caro/inense fal! 8 0.777 
Solidago canadensis fal! 7 0.606 
2003 
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Bromus inermis spring 13 0.302 
Carex laevivaginata spring 14 0.181 
Poa pratensis spring 6 0.439 
Pastinaca saliva spring 8 0.796 
Barbarea vu/garis spring 11 0.572 
Solidagocanadensis summer 3 0.121 
Cirsium arvense summer 7.5 0.697 
Festuca e/atior fal! 11 0.606 
2004 
Barbarea vu/garis spring 10 0.776 
Poa pratensis spring 8 0.796 
Pastinaca sativa spring 6 0.439 
Carex /aevívaginata spring 15 0.09 
Bromus inermis summer 11 0.606 
Cirsium arvense summer 9 1 
Solidago canadensis summer 3 0.121 
Festuca e/atior fal! 18 0.02 
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APPENDIXC. 
Statistical tables for repeated measures ANOV A testing hypotheses regarding rodent access 
to plots in 1) early succession, 2) mid-succession, and 3) late succession. 
1. Early succession 
Palatable plants 
Between Subjects 
Source ss df MS F p 
ACCESS$ 44.056 2 22.028 0.612 0.573 
Error 216.111 6 36.019 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1.000 
year*ACCESS$ 22.556 4 5.639 0.777 0.561 0.525 0.561 
Error 87.111 12 7.259 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
season 
*ACCESS$ 12.222 4 3.056 0.864 0.513 0.502 0.513 
Error 42.444 12 3.537 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1. 000 1. 000 1. 000 
year*season 
*ACCESS$ 26.333 8 3.292 0.912 0.524 0.476 0.505 
Error 86.667 24 3.611 
Palatable forhs 
Between Subjects 
Source SS df MS F p 
ACCESS$ 40.574 2 20.287 0.563 0.597 
Error 216.037 6 36.006 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*ACCESS$ 22.481 4 5.620 0.796 0.550 0.509 0.544 
Error 84.741 12 7.062 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
season 
*ACCESS$ 12.593 4 3.148 0.866 0.512 0.506 0.512 
Error 43.630 12 3.636 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1. 000 1. 000 1. 000 
year*season 
*ACCESS$ 27.519 8 3.440 0.918 0.519 0.475 0.503 
Error 89.926 24 3.747 
(palatable graminoids too few for analysis) 
Unpalatahle plants 
Between Subjects 
Source SS df MS F p 
ACCESS$ 0.889 2 0.444 0.042 0.959 
Error 63.333 6 10.556 
Within Subjects 
Source SS df MS F P G-G H-F 
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year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*ACCESS$ 12.222 4 3.056 0.392 0.811 0.794 0.811 
Error 93.556 12 7.796 
·Source SS df MS F P G-G . H-F 
season 0.000 2 0.000 0.000 1.000 1. 000 1.000 
season 
*ACCESS$ 20.222 4 5.056 0.597 0.672 0.620 0.672 
Error 101.556 12 8.463 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1.000 1. 000 1. 000 
year*season 
*ACCESS$ 19.333 8 2.417 0.253 0.975 0.893 0.968 
Error 228.889 24 9.537 
Plants with palatable seeds 
Between Subjects 
Source SS df MS F p 
ACCESS$ 0.037 2 0.018 0.258 0.781 
Error 0.426 6 0.071 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.632 2 0.316 9.201 0.004 0.013 0.004 
year*ACCESS$ 0.144 4 0.036 1. 047 0.423 0.415 0.423 
Error 0.412 12 0.034 
Source SS df MS F P G-G H-F 
Season 0.125 2 0.062 1. 630 0.236 0.249 0.245 
season*ACCESS$ 0.161 4 0.040 1. 052 0.421 0.406 0.415 
Error 0.459 12 0.038 
Source SS df MS F P G-G H-F 
year*season 0.768 4 0.192 4.872 0.005 0.040 0.014 
year*season* ACCESS$ 0.059 8 0.007 0.186 0.991 0.913 0.973 
Error 0.945 24 0.039 
Large-seeded plants (only 2004) 
Between Subjects 
Source ss df MS F p 
ACCESS$ 31. 056 2 15.528 3.838 0.084 
Error 24.278 6 4.046 
Within Subjects 
Source ss df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1.000 1. 000 1. 000 
season 
*ACCESS$ 24.778 4 6.194 1.962 0.165 0.180 0.165 
Error 37.889 12 3.157 
Annual plants 
Between Subjects 
Source ss df MS F p 
ACCESS$ 31.352 2 15.676 1. 491 0.298 
Error 63.093 6 10.515 
Within Subjects 
Source ss df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*ACCESS$ 54.926 4 13.731 1. 798 0.194 0.196 0.194 
Error 91.630 12 7.636 
Source ss df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
season 
*ACCESS$ 8.593 4 2.148 0.561 0.696 0.604 0.654 
Error 45.963 12 3.830 
Source ss df MS F P G-G H-F 
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year*season 0.000 4 0.000 0.000 1. 000 1. 000 1. 000 
year*season 
*ACCESS$ 48.963 8 6.120 0.957 0.491 0.465 0.490 
Error 153.481 24 6.395 
W oody seedlings 
Between Subjects 
Source SS df MS F p 
ACCESS$ 2.528 2 1.264 0.115 0.893 
Error 66.056 6 11. 009 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 1 0.000 0.000 1.000 
year*ACCESS$ 18.361 2 9.181 4.699 0.059 
Error 11. 722 6 1. 954 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1. 000 1.000 
season 
*ACCESS$ 22.556 4 5.639 1. 228 0.350 0.351 0.350 
Error 55.111 12 4.593 
Source SS df MS F P G-G H-F 
year*season 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*season 
*ACCESS$ 6.222 4 1. 556 0.218 0.923 0.858 0.923 
Error 85.444 12 7.120 
Species richness 
Between Subjects 
Source SS df MS F p 
ACCESS$ 1.877 2 0.938 0.109 0.899 
Error 51.704 6 8.617 
Within Subjects 
Source SS df MS F P G-G H-F 
year 50.469 2 25.235 4.913 0.028 0.044 0.028 
year*ACCESS$ 10.568 4 2.642 0.514 0.727 0.680 0.727 
Error 61. 630 12 5.136 
Source SS df MS F P G-G H-F 
season 131.877 2 65.938 33.486 0.000 0.000 0.000 
season 
*ACCESS$ 0.494 4 0.123 0.063 0.992 0.989 0.992 
Error 23.630 12 1.969 
Source SS df MS F P G-G H-F 
year*season 119.901 4 29.975 12.050 0.000 0.001 0.000 
year*season 
*ACCESS$ 23.728 8 2.966 1.192 0.344 0.364 0.345 
Error 59.704 24 2.488 
Species evenness 
Between Subjects 
Source SS df MS F p 
ACCESS$ 0.000 2 0.000 0.005 0.995 
Error 0.139 6 0.023 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.072 2 0.036 3.176 0.078 0.080 0.078 
year*ACCESS$ 0.027 4 0.007 0.605 0.667 0.662 0.667 
Error 0.135 12 0.011 
Source SS df MS F P G-G H-F 
season 0.179 2 0.090 7.268 0.009 0.011 0.009 
season*ACCESS$ 0.026 4 0.006 0.524 0.720 0.704 0.720 
Error 0.148 12 0.012 
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Source ss df MS F P G-G H-F 
year*season 0.024 4 0.006 0.522 0.720 0.573 0.666 
year*season 
*ACCESS$ 0.092 8 0.012 0.994 0.465 0.441 0.457 
Error 0.279 24 0.012 
Gini diversity 
Between Subjects 
Source SS df MS F p 
ACCESS$ 0.024 2 0.012 0.348 0.720 
Error 0.203 6 0.034 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.195 2 0.097 3.635 0.058 0.094 0.064 
year*ACCESS$ 0.121 4 0.030 1.128 0.389 0.386 0.389 
Error 0.321 12 0.027 
Source SS df MS F P G-G H-F 
season 0.009 2 0.005 0.376 0.694 0.681 0.694 
season 
*ACCESS$ 0.013 4 0.003 0.260 0.898 0.888 0.898 
Error 0.145 12 0.012 
Source SS df MS F P G-G H-F 
year*season 0.345 4 0.086 9.613 0.000 0.004 0.000 
year*season 
*ACCESS$ 0.077 8 0.010 1. 073 0.414 0.411 0.414 
Error 0.215 24 0.009 
2. Mid-succession 
Palatable plants 
Between Subjects 
Source ss df MS F p 
ACCESS$ 57.556 2 28.778 2.391 0.172 
Error 72 .222 6 12.037 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*ACCESS$ 23.778 4 5.944 0.599 0.67l 0.600 0.654 
Error 119.111 12 9.926 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
season*ACCESS$ 80.444 4 20.111 2.311 0.117 0.175 0.143 
Error 104.444 12 8.704 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1. 000 1. 000 1. 000 
year*season 
*ACCESS$ 6.889 8 0.861 0.274 0.969 0.868 0.950 
Error 75.556 24 3.148 
Palatable forbs 
Between Subjects 
Source SS df MS F p 
ACCESS$ 350.519 2 175.259 14.791 0.005 
Error 71. 093 6 11.849 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*ACCESS$ 3.259 4 0.815 0.280 0.886 0.777 0.843 
Error 34.963 12 2.914 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
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season*ACCESS$ 1.259 4 0.315 0.320 0.859 0.788 0.859 
Error 11. 796 12 0.983 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1.000 1.000 1. 000 
year*season 
*ACCESS$ 7.630 8 0.954 0.428 0.893 0.824 0.893 
Error 53.481 24 2.228 
Palatable graminoids 
Between Subjects 
Source SS df MS F p 
ACCESS$ 40.963 2 20.481 3.790 0.086 
Error 32.426 6 5.404 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1.000 1.000 
year*ACCESS$ 27.259 4 6.815 0.552 0.702 0.627 0.687 
Error 148.185 12 12.349 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1.000 1.000 
season*ACCESS$ 40.815 4 10.204 0.957 0.466 0.440 0.457 
Error 127.963 12 10.664 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1.000 1.000 1. 000 
year*season 
*ACCESS$ 32.963 8 4.120 1.112 0.390 0.395 0.390 
Error 88.926 24 3.705 
Unpalatable plants 
Between Subjects 
Source SS df MS F p 
ACCESS$ 23.722 2 11. 861 0.430 0.669 
Error 165.500 6 27.583 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*ACCESS$ 44.556 4 11.139 5.065 0.013 0.018 0.013 
Error 26.389 12 2.199 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1.000 1. 000 1. 000 
season*ACCESS$ 28.111 4 7.028 1.515 0.259 0.262 0.259 
Error 55.667 12 4.639 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1. 000 1. 000 1. 000 
year*season 
*ACCESS$ 26.944 8 3.368 0.516 0.832 0.756 0.832 
Error 156.611 24 6.525 
Annual plants 
Between Subjects 
Source SS df MS F p 
ACCESS$ 17.241 2 8.620 0.497 0.631 
Error 103.981 6 17.330 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*ACCESS$ 8.037 4 2.009 0.304 0.870 0.844 0.870 
Error 79.241 12 6.603 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1.000 1.000 
season*ACCESS$ 32.037 4 8.009 1. 979 0.162 0.181 0.162 
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Error 48.574 12 4.048 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1. 000 1. 000 1. 000 
year*season 
*ACCESS$ 19.852 8 2.481 0.390 0.915 0.858 0.915 
Error 152.537 24 6.356 
Large-seeded plants 
Between Subjects 
Source SS df MS F p 
ACCESS$ 30.500 2 15.250 0.930 0.445 
Error 98.389 6 16.398 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1.000 
year*ACCESS$ 10.000 4 2.500 1.149 0.380 0.381 0.380 
Error 26.111 12 2.176 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
season*ACCESS$ 2.500 4 0.625 0.029 0.998 0.974 0.992 
Error 260.944 12 21. 745 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1. 000 1. 000 1. 000 
year*season 
*ACCESS$ 13.667 8 1. 708 1. 054 0.426 0.423 0.426 
Error 38.889 24 1.620 
Plants with palatable seeds 
Between Subjects 
Source SS df MS F p 
ACCESS$ 0.242 2 0.121 21. 407 0.002 
Error 0.034 6 0.006 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.327 2 0.163 97.572 0.000 0.000 0.000 
year*ACCESS$ 0.053 4 0.013 7.888 0.002 0.011 0.002 
Error 0.020 12 0.002 
Source SS df MS F P G-G H-F 
season 0.001 2 0.001 0.293 0.751 0.735 0.751 
season* ACCESS$ 0.005 4 0.001 0.534 0.713 0.701 0.713 
Error 0.026 12 0.002 
Source SS df MS F P G-G H-F 
year*season 0.061 4 0.015 9.718 0.000 0.011 0.003 
year*season*ACCESS$ 0.037 8 0.005 2.920 0.020 0.105 0.063 
Error 0.038 24 0.002 
Species richness 
Between Subjects 
Source SS df MS F p 
ACCESS$ 4.667 2 2.333 0.243 0.791 
Error 57.556 6 9.593 
Within Subjects 
Source SS df MS F P G-G H-F 
year 106.889 2 53.444 8.538 0.005 0.012 0.005 
year*ACCESS$ 9.778 4 2.444 0.391 0.812 0.760 0.812 
Error 75.111 12 6.259 
Source SS df MS F P G-G H-F 
season 20.519 2 10.259 6.368 0.013 0.025 0.013 
season*ACCESS$ 11. 926 4 2.981 1. 851 0.184 0.209 0.184 
Error 19.333 12 1.611 
Source SS df MS F P G-G H-F 
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year*season 54.815 4 13.704 7.708 0.000 0.002 0.000 
year*season 
*ACCESS$ 32.741 8 4.093 2.302 0.055 0.085 0.055 
Error 42.667 24 1.778 
Species evenness 
Between Subjects 
Source SS df MS F p 
ACCESS$ 0.931 2 0.465 87.856 <0.001 
Error 0.032 6 0.005 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.163 2 0.081 9 .. 895 0.003 0.004 0.003 
year*ACCESS$ 0.054 4 0.013 1. 630 0.230 0.234 0.230 
Error 0.099 12 0.008 
Source SS df MS F P G-G H-F 
season 0.066 2 0.033 4.427 0.036 0.060 0.036 
season*ACCESS$ 0.030 4 0.008 1.011 0.440 0.429 0.440 
Error 0.089 12 0.007 
Source SS df MS F P G-G H-F 
year*season 0.047 4 0.012 1. 673 0.189 0.227 0.189 
year*season 
*ACCESS$ 0.042 8 0.005 0.750 0.648 0.580 0.648 
Error 0.170 24 0.007 
Gini diversity 
Between Subjects 
Source SS df MS F p 
ACCESS$ 0.932 2 0.466 14.474 0.005 
Error 0.193 6 0.032 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.923 2 0.461 33.080 0.000 0.001 0.000 
year*ACCESS$ 0.308 4 0.077 5.513 0.009 0.040 0.019 
Error 0.167 12 0.014 
Source SS df MS F P G-G H-F 
season 0.138 2 0.069 18.374 0.000 0.004 0.001 
season*ACCESS$ 0.024 4 0.006 1. 628 0.231 0.268 0.247 
Error 0.045 12 0.004 
Source SS df MS F P G-G H-F 
year*season 0.119 4 0.030 4.487 0.008 0.028 0.008 
year*season 
*ACCESS$ 0.021 8 0.003 0.390 0.915 0.834 0.915 
Error 0.159 24 0.007 
3. Late succession 
Palatable plants 
Between Subjects 
Source ss df MS F p 
ACCESS$ 338.074 2 169.037 8.749 0.017 
Error 115.926 6 19.321 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1.000 1. 000 
year*ACCESS$ 1.704 4 0.426 0.236 0.912 0.883 0.912 
Error 21.630 12 1. 802 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1.000 1. 000 
season*ACCESS$ 2.370 4 0.593 0.375 0.822 0.767 0.822 
Error 18.963 12 1. 580 
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Source ss df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1. 000 1. 000 1. 000 
year*season 
*ACCESS$ 11. 852 8 1. 481 1. 206 0.337 0.361 0.350 
Error 29.481 24 1. 228 
Palatable forbs 
Between Subjects 
Source SS df MS F p 
ACCESS$ 18.375 2 9.188 2.141 0.199 
Error 25.750 6 4.292 
Within Subjects 
Source SS df MS F. P G-G H-F 
year 0.000 1 0.000 0.000 1. 000 
year*ACCESS$ 38.625 2 19.312 4.030 0.078 
Error 28.750 6 4.792 
Source SS df MS F P G-G H-F 
season 0.000 1 0.000 0.000 1. 000 
season*ACCESS$ 2.625 2 1. 312 0.432 0.668 
Error 18.250 6 3.042 
Source SS df MS F P G-G H-F 
year*season 0.000 1 0.000 0.000 1.000 
year*season 
*ACCESS$ 0.375 2 0.187 0.346 0.721 
Error 3.250 6 0.542 
Palatable graminoids 
Between Subjects 
Source SS df MS F p 
ACCESS$ 338.296 2 169.148 9.140 0.015 
Error 111.037 6 18.506 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*ACCESS$ 1. 259 4 0.315 0.161 0.954 0.934 0.954 
Error 23.407 12 1.951 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1.000 1. 000 1. 000 
season*ACCESS$ 3.259 4 0.815 0.541 0.709 0.668 0.709 
Error 18.074 12 1. 506 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1.000 1. 000 1. 000 
year*season 
*ACCESS$ 14.519 8 1. 815 1. 445 0.229 0.295 0.268 
Error 30.148 24 1. 256 
Unpalatable plants 
Between Subjects 
Source SS df MS F p 
ACCESS$ 329.407 2 164.704 7.606 0.023 
Error 129.926 6 21.654 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1.000 1.000 
year*ACCESS$ 1.259 4 0.315 0.195 0.936 0.899 0.936 
Error 19.407 12 1.617 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1.000 1. 000 1. 000 
season*ACCESS$ 2.148 4 0.537 0.314 0.863 0.810 0.863 
Error 20.519 12 1. 710 
Source SS df MS F P G-G H-F 
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year*seáson 0.000 4 0.000 0.000 1. 000 1. 000 1. 000 
year*season 
*ACCESS$ 11.185 8 1. 398 1. 283 0.298 0.334 0.309 
Error 26.148 24 1. 090 
Plants with palatable seeds 
Between Subjects 
Source SS df MS F p 
ACCESS$ 0.200 2 0.100 5.643 0.042 
Error 0.106 6 0.018 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.022 2 0.011 4.841 0.029 0.043 0.029 
year*ACCESS$ 0.005 4 0.001 0.534 0.713 0.675 0.713 
Error 0.027 12 0.002 
Source SS df MS F P G-G H-F 
season 0.047 2 0.024 13.464 0.001 0.007 0.001 
season*ACCESS$ 0.004 4 0.001 0.524 0.720 0.641 0.703 
Error 0.021 12 0.002 
Source SS df MS F P G-G H-F 
year*season 0.006 4 0.002 1. 079 0.389 0.378 0.389 
year*season 
*ACCESS$ 0.007 8 0.001 0.631 0.744 0.679 0.744 
Error 0.034 24 0.001 
Woody plants 
Between Subjects 
Source SS df MS F p 
ACCESS$ 29.685 2 14.843 0.474 0.644 
Error 187.870 6 31. 312 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1.000 1. 000 
year*ACCESS$ 0.870 4 0.218 0.031 0.998 0.975 0.993 
Error 84.074 12 7.006 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1. 000 1.000 
season*ACCESS$ 2.426 4 0.606 0.112 0.976 0.928 0.974 
Error 65.185 12 5.432 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1. 000 1. 000 1. 000 
year*season 
*ACCESS$ 22.685 8 2.836 1. 540 0.196 0.260 0.213 
Error 44.204 24 1.842 
Large-seeded plants (summers and falls only) 
Between Subjects 
Source SS df MS F p 
ACCESS$ 78.361 2 39.181 4.175 0.073 
Error 56.306 6 9.384 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1.000 1. 000 1. 000 
year*ACCESS$ 5.139 4 1.285 0.391 0.811 0.761 0.811 
Error 39.444 12 3.287 
Source SS df MS F P G-G H-F 
season 0.000 1 0.000 0.000 1. 000 
season*ACCESS$ 2.528 2 1. 264 0.913 0.451 
Error 8.306 6 1. 384 
Source SS df MS F P G-G H-F 
year*season 0.000 2 0.000 0.000 1. 000 1. 000 1.000 
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year*season 
*ACCESS$ 2.972 4 0.743 0.170 0.950 0.879 0.940 
Error 52.444 12 4.370 
Annual plants 
Between Subjects 
Source SS df MS F p 
ACCESS$ 51.185 2 25.593 0.367 0.707 
Error 417.926 6 69.654 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.000 1. 000 1. 000 1. 000 
year*ACCESS$ 16.593 4 4.148 2.233 0.126 0.150 0.126 
Error 22.296 12 1.858 
Source SS df MS F P G-G H-F 
season 0.000 2 0.000 0.000 1. 000 1. 000 1.000 
season 
*ACCESS$ 1. 037 4 0.259 0.339 0.847 0.796 0.847 
Error 9.185 12 0.765 
Source SS df MS F P G-G H-F 
year*season 0.000 4 0.000 0.000 1.000 1. 000 1. 000 
year*season 
*ACCESS$ 3.852 8 0.481 0.683 0.702 0.649 0.702 
Error 16.926 24 0.705 
Species richness 
Between Subjects 
Source SS df MS F p 
ACCESS$ 1. 556 2 0.778 0.042 0.959 
Error 111. 333 6 18.556 
Within Subjects 
Source SS df MS F P G-G H-F 
year 12.963 2 6.481 6.481 0.012 0.024 0.012 
year*ACCESS$ 16.148 4 4.037 4.037 0.027 0.046 0.027 
Error 12.000 12 1. 000 
Source SS df MS F P G-G H-F 
season 16.889 2 8.444 3.257 0.074 0.102 0.074 
season 
*ACCESS$ 7.778 4 1. 944 0.750 0.577 0.540 0.577 
Error 31.111 12 2.593 
Source SS df MS F P G-G H-F 
year*season 8.593 4 2.148 1. 568 0.215 0.255 0.239 
year*season 
*ACCESS$ 14.741 8 1. 843 1. 345 0.270 0.320 0.298 
Error 32.889 24 1. 370 
Species evenness 
Between Subjects 
Source SS df MS F p 
ACCESS$ 0.482 2 0.241 2.205 0.191 
Error 0.656 6 0.109 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.023 2 0.011 1. 085 0.369 0.351 0.369 
year*ACCESS$ 0.068 4 0.017 1. 615 0.234 0.262 0.234 
Error 0.126 12 0.011 
Source SS df MS F P G-G H-F 
season 0.038 2 0.019 2.088 0.167 0.183 0.167 
season 
*ACCESS$ 0.032 4 0.008 0.876 0.506 0.489 0.506 
Error 0.108 12 0.009 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
144 
Source ss df MS F P G-G H-F 
year*season 0.103 4 0.026 3.966 0.013 0.066 0.032 
year*season 
*ACCESS$ 0.060 8 0.008 1.157 0.364 0.379 0.374 
Error 0.156 24 0.007 
Gini diversity 
Betw.een Subjects 
Source SS df MS F p 
ACCESS$ 0.221 2 0.110 1.671 0.265 
Error 0.396 6 0.066 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.063 2 0.032 2.132 0.161 0.190 0.171 
year*ACCESS$ 0.027 4 0.007 0.447 0.772 0.680 0.745 
Error 0.179 12 0.015 
Source SS df MS F P G-G H-F 
season 0.024 2 0.012 5.079 0.025 0.040 0.025 
season 
*ACCESS$ 0.039 4 0.010 4.109 0.025 0.043 0.025 
Error 0.028 12 0.002 
Source SS df MS F P G-G H-F 
year*season 0.075 4 0.019 12.401 0.000 0.001 0.000 
year*season 
*ACCESS$ 0.010 8 0.001 0.819 0.594 0.549 0.594 
Error 0.036 24 0.002 
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APPENDIXD. 
Statistical values of Kruskal-Wallis analyses of individual plant species' response to rodent 
access in 1) early succession, 2) mid-succession, and 3) late succession. 
1) Early succession 
2002 H3,3,3 P-value 
Abutilon theophrasti 2.000 0.368 
Amaranthus retroflexus 1.277 0.528 
Aster ericoides 0.000 1.000 
Chamaesyce macu/ata 0.368 0.832 
Cirsium arvense 2.000 0.368 
Conyza canadensis 1.156 0.561 
Digitaria sanguinalis 0.089 0.957 
Medicago sativa 2.222 0.329 
Mollugo vertici/lata 1.387 0.500 
Oxalis cornicu/ata 2.987 0.225 
Panicum capi/lare 1.422 0.491 
Physalis subg/abrata 0.509 0.775 
Po/ygonum persicaria 0.622 0.733 
Setaria ita/ica 0.267 0.875 
Sida spinosa 2.851 0.240 
So/anum ptychanthum 0.107 0.948 
Solidago canadensis 0.000 1.000 
Taraxacum officina/e 2.000 0.368 
2003 H3,3,3 P-value 
Abuti/on theophrasti 0.000 1.000 
Amaranthus retroflexus 1.000 0.368 
Aster ericoides 2.715 0.257 
Chamaesyce macu/ata 2.000 0.368 
Cirsium arvense 2.102 0.350 
Conyza canadensis 1.689 0.430 
Digitaria sanguinalis 0.125 0.939 
Medicago sativa 1.156 0.561 
Mollugo verticillata 0.000 1.000 
Oxalis cornicu/ata 1.367 0.505 
Panicum capillare 0.000 1.000 
Physalis subg/abrata 0.747 0.688 
Po/ygonum persicaria 1.098 0.578 
Setaria italica 1.689 0.430 
Sida spinosa 2.952 0.229 
So/anum ptychanthum 1.167 0.558 
So/ídago canadensis 1.167 0.558 
Taraxacum officina/e 1.167 0.558 
2004 H3,3,3 P-value 
Abutilon theophrasti 4.914 0.086 
Amaranthus retroflexus 2.000 0.368 
Aster ericoides 3.006 0.223 
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Aster ericoides 2.575 0.276 
Bromus japonicus 0.000 1.000 
Cirsium arvense 4.392 0.111 
Dactylis g/omerata 2.575 0.276 
Festuca e/atior 1.689 0.430 
Galium aspre/lum 0.125 0.939 
Geum canadense 4.500 0.105 
Poa pratensis 0.960 0.619 
Rumex crispus 3.954 0.138 
Solanum carolinense 2.715 0.257 
Solidago canadensis 0.000 1.000 
Taraxacum officinale 0.627 0.731 
Thlaspi arvense 0.092 0.955 
3. Late successional grassland 
2002 H3,3,3 P-value 
Barbarea vulgaris 3.034 0.219 
Bromus inermis 1.747 0.417 
Cirsium arvense 0.089 0.957 
Festuca elatior 6.489 0.039 
Pastinaca sativa 0.356 0.837 
Poa pratensis 1.681 0.432 
Solanum carolinense 1.167 0.558 
Solidago canadensis 3.289 0.193 
2003 H3,3,3 P-value 
Barbarea vulgaris 1.167 0.558 
Bromus inermis 0.356 0.837 
Cirsium arvense 0.429 0.807 
Festuca elatior 5.468 0.065 
Pastinaca sativa 0.429 0.807 
Poa pratensis 1.867 0.393 
Solanum caro/inense 2.000 0.368 
Solídago canadensis 2.756 0.252 
2004 H3,3,3 P-value 
Barbarea vulgaris 1.167 0.558 
Bromus inermis 2.489 0.288 
Cirsium arvense 0.560 0.756 
Festuca elatior 5.600 0.061 
Pastinaca sativa 2.489 0.288 
Poa pratensis 3.200 0.202 
So/anum carolinense 1.147 0.564 
Solidago canadensis 3.289 0.193 
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Source ss df MS F P G-G H-F 
period 0.224 6 0.037 3.393 0.014 0.084 0.020 
period*TRMT$ 0.019 6 0.003 0.286 0.938 0.763 0.922 
Error 0.264 24 0.011 
Gini diversity 
Between Subjects 
Source SS df MS F p 
TRMT$ 0.003 1 0.003 0.193 0.683 
Error 0.064 4 0.016 
Within Subjects 
Source SS df MS F P G-G H-F 
period 0.741 6 0.124 9.887 0.000 0.009 0.000 
period*TRMT$ 0.051 6 0.008 0.678 0.669 0.523 0.618 
Error 0.300 24 0.012 
2. Mid-succession 
There were no woody seedlings. 
Forbs 
Univariate and Mu1tivariate Repeated Measures Ana1ysis 
Between Subjects 
Source ss df MS F p 
TRMT$ 0.525 1 0.525 8.007 0.047 
Error 0.262 4 0.066 
Within Subjects 
Source ss df MS F P G-G H-F 
period 0.547 7 0.078 21. 947 0.000 0.000 0.000 
period*TRMT$ 0.069 7 0.010 2.759 0.026 0.089 0.026 
Error 0.100 28 0.004 
Graminoids 
Univariate and Mu1tivariate Repeated Measures Ana1ysis 
Between Subjects 
Source ss df MS F p 
TRMT$ 0.538 1 0.538 8.106 0.047 
Error 0.266 4 0.066 
Within Subjects 
Source SS df MS F P G-G H-F 
period 0.535 7 0.076 21. 214 0.000 0.000 0.000 
period*TRMT$ 0.064 7 0.009 2.555 0.036 0.107 0.036 
Error 0.101 28 0.004 
Species richness 
Between Subjects 
Source SS df MS F p 
TRMT$ 0.750 1 0.750 0.172 0.699 
Error 17.417 4 4.354 
Within Subjects 
Source SS df MS F P G-G H-F 
period 117.000 7 16.714 11. 724 0.000 0.002 0.000 
period*TRMT$ 13.583 7 1. 940 1. 361 0.260 0.306 0.260 
Error 39.917 28 1. 426 
Species evenness 
Between Subjects 
Source SS df MS F P 
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TRMT$ 0.044 1 0.044 0.615 0.477 
Error 0.285 4 0.071 
Within Subjects 
Source SS df MS F P G-G H-F 
period 0.172 7 0.025 3.376 0.010 0.065 0.010 
period*TRMT$ 0.050 7 0.007 0.982 0.464 0.428 0.464 
Error 0.204 28 0.007 
Gini diversity 
Between Subjects 
Source SS df MS F p 
TRMT$ 0.129 1 0.129 1. 275 0.322 
Error 0.405 4 0.101 
Within Subjects 
Source SS df MS F P G-G H-F 
period 0.338 7 0.048 5.991 0.000 0.022 0.001 
period*TRMT$ 0.036 7 0.005 0.646 0.714 0.559 0.692 
Error 0.225 28 0.008 
3. Late succession 
Forbs 
Between Subjects 
Source ss df MS F p 
TRMT$ 0.155 1 0.155 0.459 0.535 
Error 1. 347 4 0.337 
Within Subjects 
Source ss df MS F P G-G H-F 
period 0.108 7 0.015 4.577 0.002 0.021 0.002 
period*TRMT$ 0.035 7 0.005 1. 489 0.212 0.265 0.212 
Error 0.094 28 0.003 
Graminoids 
Between Subjects 
Source SS df MS F p 
TRMT$ 0.172 1 0.172 0.502 0.518 
Error 1. 369 4 0.342 
Within Subjects 
Source SS df MS F P G-G H-F 
period 0.106 7 0.015 4.035 0.004 0.031 0.004 
period*TRMT$ 0.035 7 0.005 1. 342 0.268 0.306 0.268 
Error 0.105 28 0.004 
Woody seedlings (springs, surnmers onIy) 
Between Subjects 
Source SS df MS F p 
TRMT$ 0.000 1 0.000 0.570 0.492 
Error 0.001 4 0.000 
Within Subjects 
Source SS df MS F P G-G H-F 
year 0.000 2 0.000 0.750 0.503 0.436 0.464 
year*TRMT$ 0.000 2 0.000 0.895 0.446 0.398 0.419 
Error 0.001 8 0.000 
Species richness 
Between Subjects 
Source SS df MS F p 
TRMT$ 24.083 1 24.083 0.318 0.603 
Error 302.833 4 75.708 
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Within Subjects 
Source ss df MS F P G-G H-F 
period 54.583 7 7.798 3.864 0.005 0.063 0.010 
period*TRMT$ 11. 917 7 1. 702 0.844 0.561 0.469 0.543 
Error 56.500 28 2.018 
Species evenness 
Between Subjects 
Source SS df MS F p 
TRMT$ 0.008 1 0.008 0.069 0.805 
Error 0.455 4 0.114 
Within Subjects 
Source SS df MS F P G-G H-F 
period 0.047 7 0.007 0.806 0.590 0.494 0.590 
period*TRMT$ 0.081 7 0.012 1. 398 0.245 0.298 0.245 
Error 0.231 28 0.008 
Gini diversity 
Between Subjects 
Source SS df MS F p 
TRMT$ 0.007 1 0.007 0.633 0.471 
Error 0.047 4 0.012 
Within Subjects 
Source SS df MS F P G-G H-F 
period 0.092 7 0.013 2.656 0.031 0.097 0.031 
period*TRMT$ 0.036 7 0.005 1. 036 0.429 0.411 0.429 
Error 0.138 28 0.005 
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APPENDIXF. 
Statistical values of Mann-Whitney analyses of individual plantspecies' response to deer 
access in 1) early succession,2) mid-succession, and 3) late succession. 
1. Early succession 
2003 
Conyza canadensis 
Medicago sativa 
Oxalis cornicu/ata 
Physalis subg/abrata 
Po/ygonum persicaria 
Setaria italica 
Sida spinosa 
So/anum ptychanthum 
2004 
Cirsium arvense 
Conyza canadensis 
Geum canadense 
Medicago sativa 
Oxa/is cornicu/ata 
Physalis subg/abrata 
Po/ygonum persicaria 
Setaria italica 
Sida spinosa 
2005 
Ambrosia trifida 
Cirsium arvense 
Conyza canadensis 
E/ymus canadensis 
Geum canadense 
Medicago sativa 
Oxalis cornicu/ata 
Physalis subg/abrata 
Po/ygonum persicaria 
Setaria italica 
2. Mid-succession 
2003 
Ambrosía trifida 
Asc/epias syriaca 
Aster ericoides 
Cirsium arvense 
Dactylis g/omerata 
Festuca e/atiar 
Galium asprellum 
Geum canadense 
U3,3 
5.0 
2.0 
5.0 
4.5 
7.0 
4.0 
4.5 
7.0 
2 
3 
4.5 
1 
4 
2 
6 
8 
8 
3.5 
4 
6 
3 
4.5 
4 
5 
2.5 
5 
8 
U3,3 
1.5 
4.0 
5.0 
4.5 
7.0 
3.0 
6.0 
4.0 
P-value 
0.827 
0.275 
0.817 
1.000 
0.275 
0.827 
1.000 
1.344 
0.268 
1 
1 
0.127 
0.827 
0.246 
0.513 
0.127 
0.127 
0.658 
0.827 
0.317 
0.487 
1 
0.827 
0.827 
0.376 
0.827 
0.127 
P-value 
0.121 
0.817 
0.827 
1.000 
0.275 
0.513 
0.513 
0.817 
152 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
153 
Medicago sativa 5.0 0.048 
Poa pratensis 4.5 1.000 
Solidago canadensis 2.0 0.275 
Taraxacum officinale 1.0 0.127 
Thlaspi arvense 4.5 1.000 
2004 
Ambrosia trifida 4.0 0.817 
Asclepias syriaca 3.0 0.507 
Aster ericoides 4.0 0.827 
Cirsium arvense 4.5 1.000 
Dactylis glomerata 7.0 0.268 
Festuca e/atior 8.0 0.127 
Galium asprellum 7.5 0.121 
Geum canadense 2.5 0.346 
Medicago sativa 2.0 0.246 
Poa pratensis 4.0 0.817 
Solidago canadensis 2.0 0.275 
Taraxacum officina/e 7.0 0.275 
Th/aspi arvense 2.0 0.268 
2005 
Ambrosia trifida 4.0 0.822 
Asc/epias syriaca 2.0 0.268 
Aster ericoides 4.0 0.827 
Cirsium arvense 2.5 0.376 
Dactylis g/omerata 6.0 0.487 
Festuca e/atior 9.0 0.050 
Galium asprellum 7.5 0.121 
Geum canadense 3.0 0.500 
Medicago sativa 4.5 1.000 
Poa pratensis 4.5 1.000 
Solidago canadensis 3.0 0.513 
Taraxacum officina/e 8.5 0.068 
Th/aspi arvense 3.0 0.507 
3. Late succession 
2003 U3,3 P-value 
Barbarea vu/garis 4.5 1.000 
Bromus inermis 8.0 0.127 
Carex /aevivaginata 0.0 0.050 
Cirsium arvense 4.0 0.827 
Festuca e/atior 4.0 0.048 
Lolium perenne 4.0 0.817 
Pastinaca sativa 3.0 0.513 
Poa pratensis 5.0 0.827 
Solidago canadensis 3.0 0.429 
2004 
Barbarea vulgaris 6.5 0.346 
Bromus inermis 8.0 0.127 
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Carex /aevivaginata 5.0 0.817 
Cirsium arvense 1.0 0.127 
Festuca e/atior 6.0 0.513 
Pastinaca sativa 3.0 0.513 
Poa pratensis 6.5 0.369 
Solidago canadensis 4.0 0.827 
2005 
Barbarea vu/garis 6.5 0.369 
Bromus inermis 8.0 0.127 
Carex /aevivaginata 5.0 0.817 
Cirsium arvense 2.0 0.268 
Festuca e/atior 2.0 0.275 
Pastinaca sativa 5.0 0.827 
Poa pratensis 8.0 0.127 
So/idago canadensis 3.0 0.513 
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APPENDIXG. 
Means and standard errors for all plant species for faH seasons;2001through 2004 in the 
1) early successional grassland, 2) mid-successional grassland, and 3) late successional 
grassland (no 2001 in early succession). Treatments are n (no deer access only), m (mouse 
and deer access), v (mouse, vole, and deer access), r (fenced control plots), f (unfenced 
control plots), d (no deer). 
1. Early successional grassland 
Year 2002 
Treatment n m v r f 
Species mean SE mean SE mean SE mean SE mean SE 
Abuti/on theophrasti 0.000 0.000 0.000 0.000 0.001 0.001 0.017 0.010 0.024 0.022 
Amaranthus retroflexus 0.006 0.004 0.019 0.014 0.025 0.015 0.023 0.010 0.047 0.038 
Ambrosia trífida 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Asc/epias syriaca 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Aster ericoides 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 
Cirsium arvense 0.022 0.022 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000 
Conyza canadensis 0.117 0.041 0.305 0.134 0.220 0.110 0.363 0.168 0.208 0.085 
Digitaria sanguinalis 0.412 0.082 0.357 0.181 0.365 0.158 0.440 0.167 0.399 0.170 
Echinoch/oa crus-galli 0.002 0.002 0.013 0.013 0.007 0.007 0.015 0.009 0.003 0.002 
Elymus canadensis 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Chamaesyce macu/ata 0.010 0.007 0.030 0.027 0.046 0.036 0.005 0.005 0.007 0.003 
Festuca e/atior 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Geum canadense 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
G/editsia triacanthos 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Medicago sativa 0.045 0.021 0.016 0.004 0.015 0.002 0.023 0.010 0.018 0.001 
Mollugo verficillata 0.002 0.002 0.007 0.004 0.016 0.010 0.006 0.006 0.001 0.001 
Oxalis cornicu/ata 0.012 0.009 0.005 0.003 0.000 0.000 0.003 0.002 0.001 0.001 
Panicum capil/are 0.057 0.040 0.049 0.044 0.028 0.016 0.000 0.000 0.020 0.009 
Ph/eum pratense 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Physalis subg/abrata 0.011 0.007 0.001 0.001 0.007 0.007 0.000 0.000 0.003 0.003 
Phyto/acca americana 0.000 0.000 0.003 0.003 0:003 0.003 0.003 0.002 0.007 0.007 
Toxicodendron rydbergii 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Po/ygonum persicaria 0.107 0.096 0.113 0.060 0.140 0.081 0;030 0.012 0.182 0.104 
Porfu/aca o/eracea 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Setaria viridis 0.186 0.055 0.048 0.023 0.039 0.017 0.055 0.016 0.051 0.020 
Sida spinosa 0.045 0.034 0.005 0.005 0.018 0.006 0.014 0.008 0.020 0.004 
So/anum carolinense 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
So/anum ptychanthum 0.009 0.007 0.028 0.028 0.049 0.049 0.000 0.000 0.005 0.003 
Solidago canadensis 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Stellaria graminea 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 
Taraxacum officina/e 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Verbena urficifolia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
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Year 
Treatment .. 
2003 
n 
Specíes mean SE 
Abutí/on theophrastí 0.000 0.000 
Amaranthus 0.000 0.000 
retroflexus 
Ambrosíatrífída 0.000 0.000 
Asc/epías syríaca 0.000 0.000 
Aster ericoídes 0.006 0.006 
Círsíum arvense 0.119 0.119 
Conyza canadensís 0.554 0.152 
Dígítaria sanguínalís 0.006 0.006 
.Echínoch/oa crus- 0.000 0.000 
gaJlí 
.EJymus canadensís 0.000 0.000 
Chamaesyce 0.000 0.000 
macu/ata 
156 
m v f d 
mean SE mean SE mean SE mean SE mean SE 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 
0.012 0.003 0.003 0.003 0.007 0.007 0.000 0.000 0.000 0.000 
0.012 0.006 0.000 0.000 0.003 0.003 0.010 0.010 0.010 0.010 
0.708 0.054 0.570 0.156 0.6100.060 0.774 0.036 0.740 0.070 
0.001 0.001 0.052 0.052 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.002 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Festuca e/atíor 
Geum canadense 
G/editsía 
triacanthos 
Medícago satíva 
Mollugo vertícíllata 
Oxalís cornícu/ata 
Panícum capíllare 
Ph/eum pratense 
Physalís 
subg/abrata 
Phyto/acca 
americana 
Toxícodendron 
rydbergií 
Po/ygonum 
persícaria 
Portu/aca o/era cea 
Setaria víridís 
0.000 0.000 0.000 0.000 0.000 0.000 0.016 0.016 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.0010,001 0.001 0.000 0.000 
Sída spínosa 
So/anum 
carolínense 
0.019 0.008 0.031 0.017 0.004 0.004 0.001 0.001 0.004 0.003 0.037 0.033 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.009 0.007 0.014 0.005 0.006 0.001 0.006 0.002 0.000 0.000 0.003 0.002 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0,000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.013 0.012 0.004 0.004 0.003 0.003 0.001 0.001 0.004 0.002 0.006 0.004 
0.000 0.000 0.001 0.001 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 
0.001 0.001 0.000 0.000 0.000 0.000 0.008 0.008 0.000 0.000 0.000 0.000 
0.009 0.007 0.003 0.003 0.001 0.001 0.003 0.003 0.019 0.006 0.002 0.002 
0.000 0.000 
0.249 0.113 
0.008 0.006 
0.000 0.000 
0.000 0.000 
0.196 0.059 
0.001 0.001 
0.000 0.000 
0.000 0.000 
0.343 0.096 
0.007 0.002 
0.000 0.000 
0.000 0.000 
0.324 0.081 
0.001 0.001 
0.000 0.000 
0.000 0.000 
0.171 0.026 
0.006 0.004 
0.000 0.000 
0.000 0.000 
0.163 0.061 
0.005 0.002 
0.000 0.000 
So/anum 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
ptychanthum 
Solídago 0.007 0.007 0.000 0.000 0.009 0.009 0.009 0.007 0.000 0.000 0.008 0.008 
canadensís 
Stel/aria graminea 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Taraxacum 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
offícína/e 
Verbena urtícífolía 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
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Year 
Treatment 
2004 
n m v 
157 
r d 
Species mean SE mean SE mean SE mean SE mean SE mean SE 
Abutilon theophrasti 0.000 0.000 
Amaranthus 0.000 0.000 
retroflexus 
0.000 0.000 0.003 0.002 0.010 0.004 0.021 0.001 0.004 0.001 
0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.002 
Ambrosia trifida 0:000 0.000 . 0.000 0.000 0.000 0.0000.000 0.000 0.000 0.000 0.059 0.059 
Asc/epias syriaca 0.000 0.000 0.000 0.000 0.000 0.000 0:001 0.001 O.OOO·O~OOO. 0.0000.000 
Asterericoides 0.020 0.017 0.009 0.004 0.003 0.003 0.004 0.002 0.006 0.006 0.018 0.018 
Cirsium arvense 0:003 0.000 0.224 0.186 0.039 0.031 0.032 0.015 0.007 0.007 0.088 0.076 
Conyza canadensis 0.000 0.000 0.022 0.022 0.002 0.001 0.002 0.001 0.006 0.004 0.002 0.001 
Digitaria sanguina/is 0.097 0.050 0.144 0.055 0.150 0.049 0.084 0.030 0.149 0.065 0.066 0.062 
Echinoch/oa crus- 0.000 0.000 0.004 0.004 0.000 0.000 0.001 0.001 0.001 0.001 0.001 0.001 
galJi 
E/ymus canadensis 0.000 0.000 
Chamaesyce 0.000 0.000 
macu/ata 
0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.029 0.029 
0.000 0.000 0.012 0.004 0.000 0.000 0.000 0.000 0.000 0.000 
Festuca e/atior 
Geum canadense 
G/editsia 
triacanthos 
0.000 0.000 0.000 0.000 0.000 0.000 0.017 0.017 0.026 0.013 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.002 0.006 0.003 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000 
Medicago sativa 0.082 0.038 0.082 0.016 0.049 0.021 0.078 0.011 0.064 0.018 0.130 0.062 
Mollugo verlicillata 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Oxalis cornicu/ata 
Panicum capil/are 
Ph/eum pratense 
Physalis 
subglabrata 
Phyto/acca 
americana 
Toxicodendron 
rydbergii 
Po/ygonum 
persicaria 
Porlu/aca o/eracea 
Setaria viridis 
Sida spinosa 
So/anum 
carolinense 
So/anum 
ptychanthum 
Solidago 
canadensis 
Stel/aria graminea 
Taraxacum 
officina/e 
Verbena urlicifolia 
0.002 0.002 0.000 0.000 0.000 0.000 0.002 0.001 0.002 0.001 0.001 0.001 
0.003 0.003 0.024 0.004 0.032 0.031 0.000 0.000 0.026 0.013 0.017 0.011 
0.000 0.000 0.000 0.000 0.004 0.004 0.000 0.000 0.000 0.000 0.000 0.000 
0.002 0.004 0.003 0.003 0.002 0.001 0.000 0.000 0.000 0.000 0.009 0.006 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.007 0.007 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 
0.018 0.018 0.020 0.014 0.036 0.019 0.017 0.004 0.040 0.026 0.080 0.045 
0.002 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.747 0.093 0.4050.099 0.548 0.072 0.673 0;037 0.588 0.101 0.413 0.085 
0.013 0.013 0.003 0.002 0.014 0.003 0.006 0.004 0.021 0.009 0.011 0.008 
0.000 0.000 0.006 0.006 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.005 0.002 0.048 0.031 0.101 0.036 0.069 0.025 0.021 0.004 0.052 0.028 
0.002 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.007 0.007 
0.000 0.000 0.002 0.002 0.001 0.001 0.001 0.001 0.010 0.010 0.006 0.003 
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2. Mid-successional grassland 
Year 
Treatmenth m v r . f ' 
Species mean SE mean SE mean SE mean SE mean SE 
Ambrosia trifida 0.008 0.008 0.001 0.001 0.006 0.003 0.001 0.001 0.000 0.000 
Asc/epias syriaca 0.007 0.007' 0.0060.006 0.000 O~OOO O~OOO O~OOO 0.006 0.006 
Asterericoides 0.034 0.015 0.022 0.017 0.038 0.024 0.068 0.040 0.0240.015 
Barbarea vu/garisO.OOO 0.000 0.000 0.000 0.000 0.000 0.000 0;000 0.000 0.000 ' 
Bromus inermiS 0.000 O.obO 0.000 0.000 0.000 0.000 0.000 0.000 0.é>00'0.000 
Bromusjapanicus 0.076 0.021 0.088 0.0170.038 0.023 0.038 0.020 0.042 0.037 
Cirsium arvense 0.008 0.008 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.002 
Dactylis g/omerata 0.068 0.021 0.006 0.006 0.091 0.091 0.082 0.074 0.077 0.070 
E/ymus canadensis 0.000 0.000 0.000 0.000 0.014 0.014 0.036 0.036 0.000 0.000 
Festuca e/atiar 0.164 0.036 0.249 0.046 0.198 0.076 0.143 0.035 0.261 0.026 
Geum canadense 0.004 0.004 0.002 0.001 0.006 0.001 0.010 0.003 0.023 0.013 
G/editsia triacanthos 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.000 0.000 
Medicago sativa 0.232 0.024 0.208 0.048 0.2530.056 0.259 0.076 0.290 0.024 
Morus alba 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Pastinaca sativa 0.000 0.000 0.000 0.000 0.0000.0000.000 0.000 0.001 0.001 
Ph/eum pratense 0.017 0.017 0.032 0.032 0.000 0.000 0.010 0.006 0.000 0.000 
Physalis subg/abrata 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
P/antaga majar 0.002 0.002 0.003 0.000 0.001 0.001 0.003 0.003 0.001 0.001 
Poa pratensis 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.002 0.000 0.000 
Po/ygonum persicaria 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Rumex crispus 0.003 0.003 0.006 0.001 0.002 0.0020.003 0.000 0.000 0.000 
Setaria italica 0.000 0.000 0.000 0.000 0.000 0.000 0.003 0.003 0.000 0.000 
Solidago canadensis 0.339 0.009 0.341 0.068 0.307 0.078 0.289 0.093 0.237 0.035 
Taraxacum afficina/e 0.008 0.003 0.004 0.003 0.014 0.013 0.018 0.006 0.013 0.009 
Th/aspi arvense 0.000 0.000 0.000 0.000 0.004 0.004 0.000 0.000 0.000 0.000 
Trifalium pratense 0.000 0.000 0~001 0.001 0.0000.000 0.001 0.001 0.000 0.000 
Vemonia gigantea 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Verbena urficifolia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
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Year 
Treatment 
2002 
n m v r 
Species. . ,mean SE mean SE mean SE mean SE mean, ,SE, 
Ambrosia trifida O.OOL 0.001 0.002 0.002 0.006 0.004 0.000 0.000 0.000 O.pOO 
Asclepias syriaca 0~01O O.OtO 0.008 0.008 0.0000.0000.000 0.000 0.000 0.000 
Asterericoides 0.032 .0.017 0~043 0.0240.0260.0140.1500.076 0.0400.012 
Barbarea vulgaris 0.000 0.000 0.000 0.000 0.003 0 . .003 0.001 0.001 0.000 0.000 . . '. .' ~ . . , -
Bromus inermis 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000,0.000 
Bromusjaponicus 0.000 0.000 0.007 0.005 0.018 0;013 0.014'0.01:4 0.000 0;000 
Cirsium arvense 0.006' 0.006 0.002 0.001 0.008 0.008 0.003 0.003 0.005 0.001' 
Dactylisglomerata 0.1070.0460.0190.0120.1420.1200.112 0.083 0.138 0.138 
Elymus canadensis 0.020 0.020 0.006 0.006 0.000 0.000 0.110 0.110 0.000 0.000 
Festuca elatior 0.186 0.078 0.259 0.017 0.174 0.050 0.069 0.024 0.250 0.126 
Geum canadense 0.000 0.000 0.006 0.003 0.0060.001 0.013 0.011 0.001 0.001 
Gleditsia triacanthos 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Medicago sativa 0.274 0.025 0.168 0.094 0.126 0.026 0.134 0.055 0.300 0.022 
Morus alba 0.000 0.0000.001 0.001 0.0000.0000.000 0.000 0.000 0.000 
Pastinaca sativa 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Phleum pratense 0.042 0.042 0.029 0.021 0.000 0.000 0.003 0.003 0.000 0.000 
Physalis subglabrata 0.000 0.000 0.000 0.000 0.0000.0000.000 0.000 0.001 0.001 
Plantago major 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Poa pratensis 0.011 0.011 0.000 0.000 0.0000.0000.001 0.001 0.004 0.004 
Polygonum persicaria 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Rumex crispus 0.000 0.000 0.008 0.007 0.001 0.001 0.001 0.001 0.001 0.001 
Setaria ita/ica 0.000 0.000 0.004 0.004 0.000 0.000 0.000 0.000 0.000 0.000 
Solidago canadensis 0.283 0.032 0.399 0.121 0.469 0.093 0.380 0.085 0.250 0.049 
Taraxacum officinale 0.018 0.002 0.006 0.003 0.006 0.003 0.009 0.006 0.009 0.003 
Th/aspi arvense 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Trifolium pratense 0.000 0.000 0.000 0.000 0.000 0.000 0.0000.000 0.000 0.000 
Vernonia gigantea 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Verbena urticifolia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
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Year 
Treatment 
2003 
n m v 
160 
r f d 
Species .h. mean SE mean SE mean SE mean SE mean: ." . SE , . mean SE 
Ambrosia trifidaO;004 0~004 0.006 0.003 0.009 0.004 0.000 0.000 0.000 0.000 0.006 0.006 
Asc/epias syriaca 0;0010.001 0.006 0.006 0.001 0.001 0.006 0.006 0.0200.020 0.009 0.007 
Asterericoides 0.031 0.016 0.023 0.0120.0600.0300.232 0.117 0.0770.028 0.091 0.066 
Barbarea vu/garis 0.000 0.000 0.000 0.000 0.008 0.008 0.002 0.002 0.000 0.000. 0.000 0.000 
Bromus inermis 0.062 0.041 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.002 
Bromusjaponicus 0.000 0.000 0.007 0.007 0.002 0.002 O~OOO 0.000 0.000 0.000 0.002 0.002 
Cirsiumarvense 0.0140.0090.0210.0160.0060.0060.018 0.0160.0020.0020:013 0.007 
Dactylis glomerata 0.097 0.015 0.004 0.002 0.040 0.032 0.040 0.011 0.1 31 0.118 0.000 0.000 
Elymus canadensis 0.014 0.014 0.000 0.000 0.007 0.007 0.054 0.048 0.0000.000 0.000 0.000 
Festuca e/atior 0.29 t 0.045 0.251 0.104 O. t 72 0.021 0.109 0.025 0.341 0.113 0.242 0.050 
Geum canadense 0.001 0.001 0.006 0.006 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 
G/editsia triacanthos 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Medicago sativa 0.133 0.017 0.022 0.021 0.015 0.006 0.028 0.007 0.051 0.011 0.062 0.042 
Morus alba 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Pastinaca sativa 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Phleum pratense 0.011 0.011 0.003 0.003 0.000 0.000 0.002 0.002 0.000 0.000 0.007 0.007 
Physalis subg/abrata 0.000 0.000 0.002 0.002 0.000 0.000 0.000 0.000 0.002 0.002 0.000 0.000 
P/antago major 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Poa pratensis 0.008 0.008 0.000 0.000 0.009 0.009 0.007 0.007 0.006 0.006 0.000 0.000 
Po/ygonum persicaria 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Rumex crispus 0.003 0.003 0.011 0.006 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 
Setaria italica 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 O~OOO 0.000 0.000 
Solidago canadensis 0.311 0.030 0.603 0.099 0.646 0.040 0.496 0.119 0.348 0.057 0.563 0.146 
Taraxacum officina/e 0.011 0.001 0.018 0.006 0.0060.002 0.004 0.001 0.004 0.003 0.002 0.002 
Th/aspi arvense 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.017 0.017 0.000 0.000 
Trifolium pratense 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Vernonia gigantea 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Verbena urlicifolia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
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Year 
Treatment 
2004 
n m 
161 
v f d 
Species. mean 'SE mean SE mean SE. mean SE mean?; .... SEmean SE 
AmbrosiatrifidaO.006' 0.0060:0000.0000.0120.0120.000 0.000 0.002,:0.0020.002 0.001 
Asclepiassyriaca 0.0000.0000.010 O.Oto 0.006 0.006 0.010 0.010 0.016 0.016 0.003 0.003 
Asterericoides 0.068 0.043 0.003 0.003 0.064 0.029 0.200 0.101 0.093 0.027 0.185 0.122 
Barbarea. vulgaris 0.000 0.000 0.001 0.001 0.000 0.000 0.000,0.000 0.000. .0.0000.00.0.0.000 
Bromus inermis 0.052 0~052 0.000 0.000 0.000 0.000 0.000 0.000 0.0000.000 0.000 .. 0.000 
Bromus japonicus 0.000 0;000 0~000 0.000 0.000 0.000 0.0.00 0.000 0.00.0 0.000 0..0.000.000 
Cirsium arvense .. 0';0.03 0.003 0.022 0.016 0.0400.0250.030 0.023 0.030.'0;027 0.020 0.0'10 
Dactylis glomerata 0.0.57 0.018 0.012 0.008 0.0.27 0.023 0.047 0.044 0.080' 0.080 0..002 0.002 
Elymus canadensis 0.016 0.016 0.000.0.000 0.0.000.000 0.008 0.008 0.0000.000 0.000 0.000 
Festuca elatior 0.389 0.024 0.071 0.039 0.048 0.014 0.072 0.043 0.302 0.089 0.144 0.034 
Geum canadense 0.00.0. 0.000 0..0.0.1 0.001 0..0000.0000..0.0.0 0.000 0.000~0.000 0..000 0.000 
Gleditsia triacanthos 0..0.0.0 0.000 0.0.0.0. 0.000 0..0.0.0 0.000 0.0.0.0 0.000 0..00.0 0.000 0.000 0.000 
Medicago sativa 0.073 0.019 0..0.0.2 0.001 0.0.0.0. 0.000 0..0.00 0.000 0.00.0 0.000 0..0.0.0. 0.000 
Morus alba 0.00.0. 0.000 0..0.0.0. 0.000 0..00.0. 0.000 0..0.0.0 0.000 0..000. 0.000 0.000 0.000 
Pastinaca sativa 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.004 0.001 0.001 
Phleum pratense 0.01 t 0.011 0.0.0.0 0.000 0..000 0.000 0.000. 0.000 0.00.0 0.000 0..00.0 0.000 
Physalis subglabrata 0.000 0.000 0..0.0.1 0.001 0..0.0.1 0.001 0..0.00 0.000 0.00.1 0.001 0.0.00 0.000 
Plantago major 0.000 0.000 0.0.0.0. 0.000 0.0.00 0.000 0;0.0.0 0.000 0.000 0.000 0..000. 0.000 
Poa pratensis 0.0.00 0.000 0.0.01 0.001 0..0.000.0000.0.0.2 0.002 0..022 0.022 0..0.07 0.004 
Polygonum persicaria 0.00.0 0.000 0..00.2 0.002 0..000 0.000 0.000 0.000 0.000 0.000 0.0000.000 
Rumex crispus 0..001 0.001 0.0.070.002 0.0000.0000.000 0.000 0.00.0. 0.000 0.000. 0.000 
Setaria italica 0.00.0. 0.000 0.001 0.001 0..0.0.00.0000.000. 0.000 0.00.0 0.000 0.000 0.000 
Solidago canadensis 0.299 0.074 0.834 0.045 0.792 0.041 0..631 0.182 0.450 0.057 0.635 0.144 
Taraxacum officinale D.DOi 0.007 0.0.0.6 0.003 0..0.01 0.001 0.0.0.0 0.000 0.00.0. 0.000 0..0.0.0 0.000 
Thlaspi arvense 0.000 0.000 0.000 0.000 0..000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Trifolium pratense 0.000 0.000 0.000 0.000 0.000. 0.000 0.000. 0.000 0..000 0.000 0..000 0.000 
Vemonia gigantea 0.00.7 0.007 0.00.0. 0.000 0.000 0.000 0.0.00 0.000 0.000 0.000 0.000 0.000 
Verbena urticifolia 0..0.00 0.000 0.0.12 0.0120..0.000.0000.0.00 0.000 0.00.0. 0.000 0.0.0.0. 0.000 
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3. Late successional grassland 
Ye~.i· 
Treatment 
Species 
Ambrosía trífída 
Asclepí~$ syríaca . 
Aster erícoídes 
Barbarea vulgarís 
Bromus ínermís 
Bromus japonícus 
Calystegía sepíum 
Círsíum arvense 
Elaeagnus angustífolía 
Festuca elatior 
Geum canadense 
Gledítsía tríacanthos 
Lblíum perrene 
Medícago satíva 
Morus alba 
Pastinaca satíva 
Physalís subglabrata 
Poa pratensís 
Prunus serofina 
Rosa multiflora 
Rubus occídentalís 
Solanum carolínense 
Solídago canadensís 
Taraxacum offícínale 
Trífolium pratense 
Vernonía gígantea 
Víola affínís 
Vitis palmata 
mean SE 
0.000 0.000· 
O.O.oO.O.QOO 
0 . .007 .0.007 
0.0000.000 
0;001 0.001 
0.000 0.000 
0.000 0.000 
0.016 0.014 
0:000 0.000 
0.661 0.019 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.026 0.012 
0.000 0.000 
0.062 0~008 
0.001 0.001 
0.000 0.000 
0.000 0.000 
0.001 0.001 
0.203 0.020 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
m 
mean SE 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.003 0.003 
0.000 0.000 
0.000 0.000 
0.010 0.007 
0.000 0.000 
0.568 0.058 
0.003 0.003 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.050 0.038 
0.000 0.000 
0.061 0.024 
0.001 0.001 
0.000 0.000 
0.000 0.000 
0.001 0.001 
0.276 0.032 
0.001 0.001 
0.000 0.000 
0.000 0.000 
0.000 0.000 
0.000 0.000 
v r 
mean SE mean SE mean SE 
0.000 0.000 0.000 0.000 0.000 0.000 
0.0000 .. 000 ... 0.0.0.0.0.000 0 . .000 0.000. 
0.017 0.015 0.0.04 0.003 0.0030.003 
0.000 0.000 0.000 0.000 0.000 0;000 
0.0.00 0.000 0.000 o¡ooo 0.0000;000· 
0.000 0.000 0.000 0.000 0.000.0.000 
0.000 0.000 0.000 0.000 0.000 0.000 
0.017 0.012 0 . .016 0.005 0.021 0.009 
0.000 0.000 0.000 0.000 0.000 0.000 
0.544 0.084 0.712 0.066 0.606 0.130 
0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.001 0.001 0.001 0.001 
0.000 0.000 0.000 0.000 0.000 0.000 
0.004 0.004 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 
0.066 0.028 0.042 0.005 0.092 0.039 
0.000 0.000 0.000 0.000 0.000 0.000 
0.096 0.068 0.083 0.053 0.039 0.008 
0.002 0.002 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.008 0.008 0.001 0.001 
0.000 0.000 0.000 0.000 0.000 0.000 
0.216 0.051 0.113 0.026 0.200 0.077 
0.000 0.000 0.000 0.000 0.001 0.001 
0.001 0.001 0.000 0.000 0.001 0.001 
0.000 0.000 0.000 0.000 0.000 0.000 
0.016 0.016 0.001 0.001 0.004 0.004 
0.000 0.000 0.001 0.001 0.000 0.000 
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163 
Year 2002 
Treatment n m v r ' f 
Species mean, SE mean SE mean SE mean SE mean SE 
Ambrosia trifida 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Asc/epias syriaca 0.000 0.000 0.005 0.003 0.000 0.000 0.001 0.001 0.000 0.000 
Aster er,icoid.e.s, , 0.0020,002 0.000 0.000 0.001 0.001 0.003.0.003 0.000 0.000 
Barbarea vu/garis 0.000 0.000 0.000 0.000 0.000 0.000 0.0000.000 0.000 0.000 
Bromus inermis ' 0.090 0.034 0.040 0.040 0.235 0.087 0.262 0.127 0.275 0.098 
Bromus japonicus 0.000 0:000 0.013 0.013 0.000 0.000 0.000 0.000 0.000 ,,0.000 
Ca/ystegia sepium 0.000 0.000 0.000 0.000 0.000 0.000 0.007 0.007 0.000 0.000 
Cirsium arvense 0.030 0.025 0.032 0.019 0.018 0.011 0.014 0.003 0.028 0.016 
E/aeagnus angustifolia 0.000 0.000 0.000 0.000 0.009 0.009 0.000 0.000 0.000 0.000 
Festuca e/atior 0.526 0.028 0.359 0.030 0.241 0.014 0.408 0.075 0.329 0.085 
Geum canadense 0.000 0.000 0.002 0.002 0.000 0.000 0.000 0.000 0.000 0.000 
G/editsia triacanthos 0.0000.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 
Lolium perrene 0.001 0.001 0.002 0.002 0.000 0.000 0.000 0.000 0.000 0.000 
Medicago sativa 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Morus alba 0.000 0.000 0.008 0.008 0.002 0.002 0.002 0.002 0.006 0.003 
Pastinaca sativa 0.024 0.012 0.039 0.019 0.077 0.040 0.033 0.014 0.049 0.024 
Physalis subg/abrata 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Poa pratensis 0.019 0.019 0.048 0.048 0.106 0.030 0.061 0.020 0.033 0.030 
Prunus serotina 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 
Rosa multiflora 0.003 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Rubus occidentalis 0.000 0.000 0.000 0.000 0.000 0.000 0.015 0.015 0.000 0.000 
So/anum carolinense 0.000 0.000 0.000 0.000 0.002 0.001 0.002 0.001 0.000 0.000 
Solidago canadensis 0.300 0.068 0.433 0.083 0.288 0.027 0.192 0.043 0.278 0.092 
Taraxacum officina/e 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Trifo/ium pratense 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 
Vernonia gigantea 0.000 0.000 0.015 0.015 0.000 0.000 0.000 0.000 0.000 0.000 
Vio/a affinis 0.000 0.000 0.000 0.000 0.021 0.021 0.000 0.000 0.000 0.000 
Vitis pa/mata 0.003 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
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Year 
Treatment 
Species. 
Ambrosia trífida 
Asc/epias syriaca 
Aster ericoides 
Barbarea vu/garis 
Bromus inermis 
Btomus japonicus 
Ca/ystegia sepium 
Cirsium aNense 
Elaeagnus 
angustifolía 
Festuca e/atiar 
Geum canadense 
G/editsia 
triacanthos 
Lolíum perrene 
Medicago sativa 
Morusa/ba 
Pastinaca sativa 
Physalís 
subg/abrata 
Poa pratensis 
Prunus serotina 
Rosa mu/tiflora 
Rubus occidentalís 
So/anum 
carolínense 
Solídago 
canadensis 
Taraxacum 
officina/e 
Trifolíum pratense 
Vemonia gigantea 
Vio/a affinis 
Vitis pa/mata 
2003 
n m v 
mean . SE... . .mean SE mean SE 
0.000 0.0.00 0.000 0.000 0.000 0.000 
0.000 0.000 0.006 0.004 0.000 0.000 
0.001 0.001 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.001 0.001 
0.1320.017 0.110 0.091 0.175 0.078 
0.000 0.000 0.004 0.004 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 
0.0270.023 0.023 0.010 0.020 0.017 
0.000 0.000 0.000 0.000 0.003 0.003 
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·r d 
mean SE mean· SE ... ,mean SE 
0.000 0.000 0.000.0.000:.0.001 0.001 
0.001 0.001 0.000 0.000 0.000 0.000 
0.001 0.001 0.000 0.000 0.028 0.028 
0 . .000 0,000· .0.0000.0000.000 0.000 
0.195 0.097 0.194 0.099 0.077 0.072 
0.000.0.000. 0.000 0.000 0.0000.000 
0.002 0.002 0.000 0.000 0.001 0.001 
0.011 0.004 0.012 0.005 0.024 0.010 
0.000 0.000 0.000 0.000 0.000 0.000 
0.608 0.018 0.461 0.042 0.345 0.131 0.575 0.120 0.469 0.035·0.463 0.029 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.010 0.010 0.002 0.002 0.000 0.000 0.000 0.000 0.000 0.000 
0.021 0.007 0.028 0.019 0.046 0.020 0.023 0.006 0.059 0.004 0.130 0.062 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.020 0.017 0.046 0.038 0.122 0.036 0.128 0.059 0.040 0.020 0.023 0.013 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0;000 0.001 0.001 0.000 0.000 
0.006 0.006 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 
0.000 0.000 0.000 0.000 0.000 0.000 0.013 0.013 0.000 0.000 0.000 0.000 
0.000 0.000 0.002 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.172 0.050 0.310 0.061 0.283 0.059 0.0500.021 0.2200.131 0.2500.027 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.006 0.006 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.003 0.003 0.000 0.000 0.000 0.000 0.000 0.000 
0.002 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.002 0.002 0.001 0.001 
Reproduced with permission of the copyright owner.  Further reproduction prohibited without permission.
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Year 2004 SE 
Treatment n m v '.' r d 
·Species .. mean· SE :'., ,mean SE mean SE .~mean SE mean, . SE ," mean; SE 
Ambrosia trifida 0.0000.00.0.,'0.000 0.000 0.000 0.000 0.000 0.000 0.000 0:0.00.0.000 0.000 
Asclepias syriaca 0.000 0.000 0.004 0.002 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 
Aster ericoides 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.0000.000 0.027 0.025 
Barbarea vulgar:is . 0.000 0,00,0 ,0.001 0.001 0.000 0.000 .0.000·0.000 0.000 0.000. 0.000 0.000 
Bromus inermis 0.130 0.013 0.089 0.058 0.191 0.088 0.114 0.068 0.1130:057 0.031 0.028 
Bromus japonicus '0.0000.000 0;000 0.000 0.000 0.000 0.0000,00.0 0.0000.000 0.000 0.000 
Calystegia sepium 0.0000.000 ' 0.000 0.000 0.001 0.001 0.000 0.000 . 0.000 0.000 '0.002 0.002 
Cirsium arvense 0.009 0.006 0.021 0.013 0.026 0.021 0.018 0.013 0.003 0.002 0.028 0.018 
Elaeagnus 0.003 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.0000.000 0.000 0.000 
angustifolia 
Festuca elatior 0.660 0.009 0.293 0.125 0.220 0.081 0.591 0.055 0.617 0.087 0.530 0.032 
Geum canadense 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Gleditsia 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
triacanthos 
Lolium perrene 0.0000.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Medicago sativa 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Morus alba 0.000 0.000 0.007 0.005 0.004 0.004 0.001 0.001 0.000 0.000 0.000 0.000 
Pastinaca sativa 0.010 0.005 0 .. 013 0.005 0.032 0.017 0.016 0.003 0.040 0.007 0.070 0.039 
Physalis 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.004 
subglabrata 
Poa pratensis 0.003 0.003 0.023 0.020 0.094 0.019 0.164 0.066 0.024 0.013 0.027 0.014 
Prunus serotina 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Rosa multiflora 0.001 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 
Rubus occidentalis 0.000 0.000 0.000 0.000 0.000 0.000 0.023 0.023 0.000 0.000 0.000 0.000 
Solanum 0.001 0.001 0.004 0.003 0.002 0.001 0.000 0.000 0.000 0.000 0.000 0.000 
carolinense 
Solidago 0.176 0.011 0.540 0.185 0.428 0.154 0.072 0.022 0.201 0.134 0.273 0.032 
canadensis 
Taraxacum 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
officinale 
Trifolium pratense 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Vernonia gigantea 0.000 0.000 0.003 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Viola affinis 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 
Vitis palmata 0.007 0.007 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.001 0.007 0.007 
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